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~ ABSTRACT -

The purp¢§e of this study was to investigate the relaﬁion—
shipé betwéen‘the'mathematical problem solving Performance'of
fourthfgrade children, their attitudesvtoward mathematical problem
solving, their teachers' attitudes toward mathematical problem
solving, and related sex and program-type differences.

Three instruments were used to gather data. The -22-item
mathematical problem solving test (Romberg &‘Wearne, 1976) provides
a measure of comprehension, application, and problem solving for
each item; The 36r-item student mathematical problem solving atti-
tude scale and the similar 40-item teacher scale havé Likert-type
formats and\wefe devéloped by the iﬁvestigator.

During the fourth month of the 1975-76 school year'data were

gathéred_for Part I of the gtudy from 30 fourth grade classes in

13 southern Wisconsin schools. Fifteen of the classes were using

Devélop}ng,Mathematical‘Processes (DMP); the remaining iS'were
u;ing standard mathematics textbook series.

Both students and Feachers poésessed favorable mathematical
ﬁ}oblem solving attitudes. The DMP students performed significantly

better than non—-DMP students on tﬁe firzt two parts of the problem

16




solving test; no significant differences in performance were observed
on the third part. Rather stable and sigqificant positivé corre-
lations were found betweer student prﬁblem solviqg.berformancé and
student problem solving attitude. Significént neéative correlations
found between DMP teacher problem solving attitude and mean student
performance were judged ;n artifact of the non-random sampling/gé_
classes for the study. No significant séx—related differences wére
found in any of the data. |

The design of Part II of the study was based on the cross-
lagged panel correlational technique of Campbell and Stanley (1963). \\gf
During the seventh month of the 1975-76 school year the 15 DMP )
classes participated in a second round of problem solving testing.

An intervening "treatment" period between the first and second
testfng time; involved instruction in selected DMP topics. Part II
attempted to determine the direction of effect between teacher
problem solving attitudes and studeét problem solving a;titudes

and performance.

Cross-lagged panel correlations indicated that initial student
performance seemed to haQe a greater effect on final teacher attitude
than initial téacher attitude had on final student performance.
However, initial teacher attitudé scemed to have a greater effect
on final student attitude than initial student attitude had on

final teacher attitude

Major Pxofessor Q/vu/ % _%‘L/{, < (//
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Chapter 1

INTRODUCTION

One of the goals of education in a dechratic society is to
produce citizens capable of intelligent, independent thought.

Citizens must be able to tackle, cope with, and see problems

through to reasonable, if not logical, solutions. Educators

* continually strive to achieve. that goal within their respective

4 !
disciplines. In elementary and secondary mathematics education

in the United States, the attainment g% that goal has been
bolstered by a large and sustained eurriCUlum reform effoert
during the past two decades. This curriculum reform movement
has included a number of experimental programs concerned with

the development of new methods of teaching mathematics. Under-

 lying both the curriculum reform efforts and the teaching

experimentation has been the belief that mathematics is not.
something which is passively learned, but is something which
people do. Specifically, mathematics is chiefly concerned
with the solving of a large variety of problems.

The investigation of problem solving, and of related and
influencing factors, has occupied a great deal of the time

and energy of educational researchers. Many variables have

18




been presumed to be related to the dactivity necessary for success in
solving problems. Among these variables are attitudes, values,
interests, appreciations, adjustments, temperament, and personality

(Stern, 1963). These variables often have been termed noncognitive

to contrast them from those associated with measures of intelligence,
aptitude, achievement,‘or per formance which, typically, are referred
to as cognitive variables. The purpose of the study reported in

this paper was to investigate the relétionships between selected
noncognitive factors and the mathematical problem solving performance
of fourth grade children.

Of the vast number of psychological investiéations which have
studied problem solving, only a small number have concenérated on
;athematical problem solving. Kilpatrick (1969) has remarked that
the topic of mathematical problem solving has not been investigated
systematically. A ciose examination of the problem solving research
in elementary school mathematics shows a diversity of types of
investigations and conflicting results (see Riedesel, 1969;

Suydam, 1967; Suydam & Weaver,‘1971;75).

However unsystematic their methods of attack, researchers
continue to investigate problem solving for a varie£y of reasons.
Dodson (1972) summarizes some of these reasons:

Appropriately, then,researchers have been stimulated

to investigate problem solving to gain a better -under-

standing of the nature of effective problem solving,

to determine the effects of problem solving on student

attitudes, to find methods for improving problem-solving
ability, to learn more about how problem-solving ability

ey,




ig acquired and how the cognitive processes are involved,

and to determine the correlation of student characteristics

and classroom characteristics with the ability to, solve-

problems [p. 2].
The study reported here was directed toward several of these purposes
noted by Dodson and 1s one in a series of closely related problem
solving investigations undértaken at the University of Wisconsin

(see Zalewski, 1974; Meyer, 1975; Schonberger, 1976; Wearne, in
1

pfeparation).

The Naéure of the Problem

Because the dévelopment of pupi;s' ability to solve problems
is one of the primary goals of elementary mathematics instruction,
'educators continue to seek information about the nature of this
ability, it has commonly been assessed by students' achievement
on written problem solving tests. Clues regarding those noncognitive
factors which many inflﬁence éroblem solving performance may be
obtained by examining some of the factors thought to influence
overall mafhematics achievement.

First, students' attitudes toward a school subject are thought
to affect their achievement in that subject. Likewise, educators
believe that teachers' attitudes toward a subject cah‘influence
their students' attitudes and achievement in that subject. Reséarch
findings have sometimes been inconsistent and inconclusive ;n these
areas, but, typically, show the existence ofﬁlow, positive cerrelations

between student and teacher attitudes toward mathematics and student




achievement in mathematics (see Garner, 1964; Torrance, 1966;

Wess, 1970; Phillips, 1973). These results also pose the some-

what traditional problem of cause and effect. Do teachers'

attitudes cause student attitudes, or is the effect, perhaps, in
the 6ther direction?

Just as an individual's overall mathematics achievement .
consists of a composite of his or her achievement in several areas,
a réasonable conjecture is that a student's attitude toward’mathe—
‘;mtics is a composite of certain aspects of mathematics such as
computation and problem solving. But researchers have tended to
use single, global measures of attitude toward mathematics.rather
than invesfigating attitude toward only one phase of the discipline.
Lindgren, Silva, Faraco, and Da Rocha (1964) did use a measure of
problem solving attituée, but correlated the attitudinal results
only with arithmetic achievement and not with problem solving
performance. The study reported hgre examined the rélation;hips
between measures of both student and teaéher problem solving atti-
tudes and student performance in mathematical problem solving.

Though research findings are varied, thére is evidence to
suggest the existence of sex-related differences in mathematics
‘achievement“ In a recent review of }iterature, Fennema (1974)
concluded that no gignificant differences between boys' and girlsi

mathematics achievement are found during the early elementary school

years; however, in .the upper elementary school years significant

21 ' ‘
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differences are sometimes found and tend to favbr boys when higher

level cognitive tasks are measured. In a recent investigazion of

selected cognitive factors and problem solving, Meyer (1975) found

no signifiéant sex-related differences among fourth grade students

on any of the three parts of the problem solving test used in her

- » study. Another study by Sch;nberger (1976) investigated sex-—
related differences in seventh-graders' performance on tests of
visual spatial abilities and matheha£1c31 problem solving. Schonberger
found significant differences favoring boys on one problem solving .
subtest of three administered. These varied findings suggested
investigating.sex differences as an influencing factor’in the pre-
sent study of mathematical problem solving performance and attitudes
and suggested that the study be conducted with upper elementary
school students. In addition, some attitudinal research_suggests
that at;itudes toward mathematics are formed during the intermediate

grades (Fedon, 1958; Stright, 1960; Callahan, 1971). Therefore,

foupth grade students and teachers were judged to be apprépriéte
subjects for the study.

Whenever an emerging curriculum product begins to receive
widespread implementation in schools, the developers of that
product become interested in the comparative learning effects of
their product with existing products. For a number of years,

the Anélysis of Mathematics Instruction Projeét at the'University

.
.

of Wisconsin Research and Development Center for CognitivelLearning

~ P




has been developing a new elementary mathematics program called

Developing Mathematical Processes (DMP) (Romberg, Harvey, & Moser,

1974? 1975, 1976). The DMP program is re§earch—based and utilizes
an activity-oriented approach to the‘teaching and learning of
mathematics in grades K-6. One of the basic goals of DMP is the
development of mathematical problem solving skills and processes.

As a DMP staff member, the author has worked in recent years with

a number of teachers and students in DMP schools and has been
impressed by the manner in which DMP students attack problems and

by the positive affect wﬁich both studen;s and teachers seem to
possess with regard to the DMP program (Montgomery & Whitaker, 1975).
Therefore, the sample for this study involved students and teachers‘
who had participated in the large-scale field test of DMP.» And,

for program comparative purposes,-a no;-DMP sample of students and

teachers was included in the study.

Key Terminology Used in the Study

The rather complex nature of the concepts of problem sélving
and attitude necessitates that each be defined in a manner which
adeqﬁately characterizes the concept. At the same’time,'the
definition must pefmit a reasonable and practical means of
assessing the concept. ’

Thus, for this study, a problem is a situation which presents

an' objective that an individual is motivated to aéhieve, but for
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which he has no immediate procedures'to arrive at that objective,
(Zalewski, 1974). The gituation in each problem is mathematical

in nature. Problem solving is the process of analyzing a situation

' posed in a problem, producing a procedure for solving the problem,

using that procedure, and achieving a solution to the problem.

Mathematical problém solving performance 1is represented by a score
on a mathematical problem solving test.

Because of the complexity of the attitude construct, -researchers
seldom talk about ''measuring an attitude.”" Rather, they use pro-.
cedures to measure a particular propetty of an éttitude, such as
direction, magnitude, or intensity (Scott, 1968). As used in this
study, the term attitude is the predisposition of an individual to

evaluate some symbol or object or aspect of his world in a favorable

or unfavorable manner (Katz, 1960). In particular,_attitude toward

problem solving is the predisposition of an individual to evaluate

factors related to mathematical problem solving in a relatively
favorable or unfavorable manner and is represented by a score on
an attitude scale.

The Questions of the Study and Their Significance

1

Brownell (1942) called a problem solving attitude a desirable

educational outcome, and something possible of development. Several
years later Carey (1958) found that it is possible to develop an
instrument to measure attitudes toward problem solving. The first

two questions that this investigation was designed to answer pertain




to the kinds of Lattitudes possessed by the subjects of the study.
Questions ancillary to the main questions of the study are included
in italics immediately following each numbered question.

Questién 1l: Do fourth grade students have favorable attitudes
~ toward problem solving? '

Do differences in attitude toward problem solving
exist 1f students are cilassified by sex?

Do différences in attitude toward problem solving
extst 1f students are classified by mathematics
program type: DMP versus non-DMP?

t Question 2: Do fourth grade teachers have favorable attitudes
&7 toward problem solving?

'.{ Do differences in attitude toward problem solving
exist 1f tcachers ure classified by iype of
mathematics program taught{ DMP versus non-DMP?

Since gttitudes are generaily regarded as learned predispositions

of an individual to evaluate some symbol or object or aspect of his

world in a favorable or unfa&orable manner, it is reasonable to

assume that those who have a strong influence on an individual will

help mold his attitudes. Therefore, before fdrther‘analyses could

be undertaken in the presentﬂstudy, it was n2cessary to determine

the problem solving attitudes of both the students and teachersAwho

participated in the study. Mathematics educators désire that students

and teaéhors hold favorable attitudes toward all phases of the school
program, and so the findings of the study with regard to this question
help to determine if such is the case. If differences in attitude

exist according to sex of the students or type of program studied,

then these findings suggest a basis for future investigations into
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the causes of such differences. Questions .6 and 7 of this study are
designed to ﬁzovide information regarding the diréectional relation-
ships between problem solving attitudes and problem solving per-
formance.
Of major importance to three remaining questibns of the study
i; the problem solvihg performance of‘the students in the study.
Qﬁestion 3 deals with that issue. |
Question 3: How do fourth grade students pérform on a test
of problem solving performance which provides
measures of comprehension, application, and

problem solving?

% . Do differences in problem solving perjbrmance
exist when students ave classified by sex?

Do differences in problem solving performance
exist when students are classified by mathe=
matics program type: DMP versus non-DMP?

Heretofore, ﬁost tests of problem solving performance have
provided a total scdre intended to reflect a measure of each student's
?bility to solve problems. However, single total scores are inadequate
when attempting to explain the reasons why some students are successful
at éolving a set of problems and others are not. For example, single
total scores cannot identify those students who are able to compre-
hend the information given in a problem, but who are unable to apply
the information and thence solve the problem; nor can single total
scores identify those students who comprehend and apply the information

but do not complete the solution of the problem. The problem solving

test used in this study was designed to overcome such inadequacies
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(see Romberg & Wearme, 1976). It pf%ﬁides a measure of comprehensioﬁ,

'application, and problem solving for each item included in the instru-< -

%

ment. Because of the uﬁique design of this test, it is.possible to.

&

identify, with some degree of accuracy, those students who are
problem solvers and those who are not problem solvers. As students'

problem solving performance is examined, the existence of sex-related

2
r

differences provides information valuable for future research in-
" > .

’
'

‘vestigations regarding cauysation. Program-related differences pfoviée

_evidence upon which to base conclusions regarding theﬁdesirability

of alternative programs of instruction and also provide clues re-
. E =g
garding potential program-specific experimentation. Differences

of either type contribute t6 a better understanding of the nature

.

of ggctors which influence problem solving performance.
‘ Mereiy as§éssing attitudes toward problem solving is an in-
sufficient rationale to justify an gxtensive research investigatién
unless there is some reason to suspect Fhat these attitudeq aéé ;}‘ ‘4
related to perfcrmance. The fburtﬁ and fifth questions of theig

~

study pertain to that relationship. : .. 4

et

Question 4: What is the relationship between fourthrgrade
students' attitudes toward problem solving
and their performance in problem solving?

Do differences in this rel&tionship exist Lf
students are classified by sex?

Do differences in this relationship exist if
students are classified by mathematics program
type: DMP versus non-DMP?

*
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Question 5: What is the relationship between fourth grade
teachers' attitudes toward problem solving
and their students' performance in problem & *

solving?
. 3 o

Do differences in this relationship exist if
students are classified by sex?

Do differences in this relationship exist if
students are classified by mathematics progrdm e
- type: Dg? versus non-DMP?-

As noted earlier, research findings generally havé indicated
_low positive correlations between teacher and‘student attitudes_
toward éathematics and students' performancé'in mathematics at the’
elementary séhool level. Howev%r, past studies have>not examined
the relationship between attitude and performance in a single phase
of éhe mathematics curriculum such as problem solviﬁg. The findings
6f this study with regard to Queétions 4 and 5 provide insights Into

theée‘relationshipé.* If problem éolving attitudes and problem solving

performance are highly related, then research into other specific

G

phééés of the curriculum is m;ﬁdated; for exampie, an investigation
of the°relafion9hip between pérformanFé i; computational skills and
attitude tpward éomputatipn. .If sex differences exist in this
felatio;ship; that information prdvides clues for future experiments
regardingtcausétion. The existence of‘érogram—relatéd differences
' provides clues regarding program effectiveness in thé areas of
problem solving performance ;nd problem solving attitudes. |

A rather generélly held be}ief among educators is that teacher

~F

\ ) " .
attitude'and effectiveness in a particular subject are important

<




\determiners of student attitudes and performance in that subjecﬁh.
 (Aiken, 1969). However, research findings pertaining to this
belief have not been definitive. The last two questions of the:
study are directed at this cause-effect relationship:
Question 6: Do fourth-grade teachers' attitudes toward
problem solving affect their students'’
problem solving performance or is the

effect of the opposite nature?

Do differences exist when students are
classified by sex?

Question 7: Do fourth grade teachers' attitudes toward
problem solving affect their students'
attitudes toward problem solving or is the
effect of the opposite natute?

Do differences exist when students are
classified by sex?

The findings of the study relative to Questions 6 and 7 contribute
to the extant knowledge regérding the relationships between
attitudes and perforﬁance. There is reason to suspect that

«

students' attitudes and performance might well affect teachers'
altitudes, instead of the relatibnship being only in the other
direction. ‘It is important, then, to gain informatioﬁ on (which
1
sburce--the teacher or the student--has the greater effect on
the other's attitude and performance.ﬂ Simple correlational
procedures cannot answer this question. However, the cross=-

lagged panel correlational technique (Campbell & Stanley, 1963)

used for this part of the study proVides:information‘regardihg the

direction of the relationship'between.problem_solving'attitpdes

12
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and performance. If answers to the ancillary queries related to
Questions 6 and 7 are significantly different for the two séxes;
this evidence suggests the need for further research regarding
causes of such differences.

The answers to the quegtions of the study can provide educators
with additional iqformation concerning the relationships betﬁeen.
students' attitudes and performance in mathématical problem solving
] and the attitudes-towérd.problem solving of their teachers. Addition—
ally, findings of :sex-related differences can contribute to ;he
growing body of knowledge regarding such differeﬁces in the learning
and teaching of mathematics. The existence of program-related
differentes may suggest a need for modifications in existing
eﬁbmentary mathématics programs with respect to contgnt and
méthodology. In any event, the findiﬁgs of the study contéibute
to| a better understanding of the nature of the problem solving
_pr&cess.

\ Tﬁe research literéture related to the study is discussed
in /the next chapter. Chapte; 3 describes the design of the study,
and Chapter 4 discusses the constuction and pilot test of the V
.instfuments used in the study. Chapter 5 reports the conduct
of the study, and the analysis and interpretation of the data

i . : . ,
are%summarized in Chapter. 6. The conclusions of ;hg study are
éiv%n‘in dhaptgr 7 along Qiph recommendations for future research.

S '

0

\
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Chapter 2

REVIEW OF RELATED LITERATURE

The étudy reported in this paper;investigated the relation-
ships between several curriculdm variables at the elementary
school level. The main variables of interest were the mathematical N
problem solving performance of foﬁrgh grade children, their mathe-

matical problem solving attitudes, and the mathematical proble

Y

solving attitudes of their teachers. Ancillary variables were

sex of the student and type of mathematics program studied. This .
chapter will discuss the literature pertineht to the investigation

and is divided into three bagts. First, an overview of relevant
-

problem solving literature is given. This is followed by a

discussion of attitudinal research, and the chapter ends with

-

a section that Summarizes those studies which have particular

significance”fOr an investigation of mathematical problem solving .

performance and mathematical problem solving attitudes.

Part I: Problem Solving

Human beings spend a great deal of their time in the activity

known as problem solving,‘and so it is not surprising that in-

vestigations of problem solving have OCCUpied the time and energy




of psychologists, educators, and mathematicians for many years. .
Investigators have examined the many facets of problem solving,
including solution styles and procesees, problem types, internal
and'externel conditions, and factors affecting problem solving
performance. Some individuals have proposed formal models for
problem selving (see Polya, 1943; Hadamard, 1945; Gagne, 1966).
Comprehensive general reviews of problem solving theory and research
by Davis (1966) and in the volume edited by Kleinmuntz (1966) attest
to the large.number of problem solving investigations which have
been conducted.

Unfortunetely,'a great deal of the research conducted in the
name of problem solving has been inconclusive, and the results are
.Qifficult to snythesize. Lucas (1972) cites some of the difficul-
ties which are encountered as past problem solving research is
' analyzed:

Pe

Consequently, the pertinent literature of psychology and
education is replete with semantic ambiguities, isolated

task situations, inferences from observables to unobservables,
lack of consolidation of research effort, and a host of other
characteristics which serve to retain in a somewhat primitive
‘state a field which has been considerably researched. This
is not to deplofe the existing state of research on problem
solving, but rather to point out that the complex nature

of the subject practically demands that progress occur

most frequently by small steps and only occasionally by

giant leaps [pp. 6-7].

Lucas also includes a comprehensive review of problem solving
(_.research and theory in his study.
. In the seetions_which'fdllow,'no attempt -1s made to report

in detail the results of the studies cited nor to be exhausrivev
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in the studies cited. Rather, the intent was to select from the
plethora of problem solving investigations ‘those studies which

“are indicative of the wide variety of variables studied.

Mathematical Problem Solving Performance

Published reviews bvauydam (1967), Kilpatrick (1969),
Riedesel (1969); and Sﬁydam and deaver'(1971—75) verify the fact
that a significaqt number ;f mathemafical problem solving studies [
have béen conducteq. A number of researchers have investigated
mathematical problem solving as a process (see Kilpatrick, 1967;
Lucas, 1972; Zalewski, 1974; Loomer, 1976). But most studies
reported .in-the regearch literature are investigationé of problem
solving as a pfoduct; this type of problem solving is commonly
referred to as verbal problem solving, that is, the solving of
" collections of one- or two-step mathematics probléms similar to
those found in textbooks.

In the present study mathematical problem splving was of
interest both as a process and as a product. 'The problem solving
procesé was of interest in the design of the student and teacher

perlem solving attitude scales. And problem solving as a broduct

was of interest as students' mathematical problem soiving perfor-

PO

mance was assessed and:eﬁamiﬁéd. The means of assessing the
. o

. ¥ SN

problem solving performéﬁdé”in the present study, however, was'

'unlike’that used in previous in%estigations. The:mathematical .
v - : . : Y N '

problem éolyiqg teét‘qsed in the study'will be‘descfibed“ih'

- Chapter 3.
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The varied means by which mathematical problem solving per-
formance has been asseésed.in the past contributes to the dilemma
which arises when comparing the results of research efforts.
However, with that fact in mind, the next three sections summarize

pertinent studies which have attempted to relate one or more

instructional variables to mathematical problem solving performance.

Cognitive Factors and Mathematical Problem Solving

Since it is impossible to review all studies relating various
cognitive factérs and students' mathematical problem solving‘per-
formance, éeprese;tagive examples are included here to indicate
the diversity of both'variables and findings. bomﬁutatibnal
ability is significantly related to problem so}ving ability in
mathematics (Hansen, 1944; AlexanQef, 1960; Chase, 1960), and
so is the abiiitxvto analyze problems (Keller, 1939§ Alexandef,
1960). Other fagtors found to be significantly related to problem
solving performance are problem recognition (Harootunian & Téte,
1960), and knowledge and understaﬁding of mathematical terms
(Ericksonl.1958; Lyda & Duncén, 1967). As might be suspected,
the literature does yield evidence of‘a significant relationship,
between intelligence and problem solving ability (Engelhart, 1932;

Aleiander, 1960; Chase, 1960) and between reading ability and

problem solving performance (Engelhart, 1932; Treacy, 1944
S0OB4 . ‘

\Harobtpnian‘& Tate, 1960Q)-
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Mathematical Problem Solving and Sex-related Factors

Researchers have investigated the d;fference between the problem
solving performance of boys.ané girls, but ﬁhe results of the in—‘
vestigations must be Aeemed inconclusive; some offer evidence

that boys are superior toﬂgirls in problem solving aBility (Neill,

1967; Sheehan, 1968), while others contend that there is no significant

_difference between the problem solving abilities of the two sexes

(Cleveland & Bosworth, 1967; Farr, 1969). One investigator (Neill,
19675 found that better problem solving perfdrmanée occurred for
students with men tea?hers tban for those withvwomen teachers.

In a study which will be described in more detail later in °
this chaptér, Carey (1958) concluded that wh;n females' attitudes
toward p;oblem solving.are modified_in a more favorable direction,
theyvmake siénificant gains in problem solving pérforménce. In a
more re;ent study, Schonberger, (1976) found significant differences
favoring boys on one problem solving subtest of three édministered
in her investigation of spatial abilities and problem solving
perférmance. ﬁeyer (1975), .in a factor-analytic study of selected
factors and problemkéolving performance, found no significant

sex-related differences among fourth grade studeﬁts on any of the

three subscales or the total scale of problem solving performance

used in her study.

.NggpognLtive Factors and;Maﬁhematical Problem Sleingi

Certain noncdgn{;ive factors, notably attiﬁudes, anxiety,

35
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interests, personalify; andkfamilial characteristics, have begun to
recéive more attention in research investigations related to mathe-
matics achievement. Though there is an acknowledged interdependence
bet&een EogﬁitiQe and noncognitive variables, the discussion here
will deal primérily with variables not explicitly measured by tests
of ability and their relationships to problem_solving perfoimance.
Some étudies citea below investigated ghé relationships between non-
cognitive factors and ﬁathematical achievementt rathef thaﬁ problem
solving performance per se; however, mathemafical achievement is
ﬁeasured in part by problem solving subtests, and so the studies
have relevance for the~§}esent discussion.

Cleveland and Bosworth (1967) and Neufeld (1968) found that
mathematics achievement was associated Qith a sense of personal
worth, freedom from withdrawal tendencies, fréédom from anti-
social tendeﬁcies, social skills, and sociél standards. Jonsson

'

(1965) reported thAL problem solving performance of highiy anxious
students was'detriméntally affected by increasing the difficulty
of test problems on tﬁéaseédnd of two tests. In an internationgal
study, Husén (1967) found that achievement in mathematics was
positively correlated at a11a1evels, both withi; and between

countries, with interest in mathematics. The effect of socio-

economic status on students' problem solving ability has not

been clearly established; Cleveland and Bosworth (1967):and

Husén (1967) gléimed that high achievement is associated with

high socio-economic status, while_Karas'(1964) and Alexan&ef .
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(1960) concluded that no significant relationship exists between

the two variables.
Researchers have also investigated the relationship between

problem solving ability and certain environmental variables,

‘such as teaching experience (Hurst, 1968), graduate training

of teachers (Leonhardt, 1963), student grades in school subjects
and deportment (Morton; 1928). However, little or no consensus
is reached on the significance of these variables to problem

solving ability. ~

Concluding Remarks

The inconclusive or conflicting nature of research on those
factors which influence probleﬁ solving performance ‘documents
the need for additional research studies. ‘In particular, the two
attitudinal factors efamined in the present study have not been
studied simultaneously with each other or with mathematical problem
solving performance; hence, the results of this investigation
contribute to an area in which research evidence has been in-
conclusive. The next section of this‘chapter.is an overview of

the literaturelrelated to the investigation of attitudes.

Part II:  Attitudes

" 4 [p—

For many years the concept of attitude has been considered

a subject suitable for‘study by psychologists.‘ Allport (1967)

credits Thomas and Znaniecki (1918) with instigating the étudy

of the concept when they analyzed the lives of Polish immigrants
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to the United States. Wagner (1969) indicates that the value of
attitudinal studies lies in the implications which such investi-

gations possess for the analysis of complex human behavior. Both

the psychological and educationdi\}iterature are replete with
attitudinal sFudies varying consid%gably in research design, in
methodology, and in conclusioné and 1mplications for a clearer
understanding oﬁ tﬂe concept. The next several paragraphs Jf

this section discuss the nature of attitudes.

The Nature of Attitudes

Though numerous definitions of attitude have been advanced
(see Allport, 1967), most indicate that an attitude is a learned
state of readiness, a predisposition to react in a particular way
toward certain stimuli. Important to any study of attitudes is
the'idea that an attitude involves both cognitive and noncognitive
components-~-that is, both beliefs and feelings——a%d, to some
extent, a behavioral component. A student's attifude toward
mathematics is, for example, a composite of intellectual appre-~
ciation for the subject coupled with emotional and behavioral
reactioné to it.

ip a ;ondensatién of recent theoretical formulations about
the nature of attitpdes, Scott (1968) suggests tha. the concept
has, perhaps, 11 varigble properties: direction, magnitude,
intensity, ambivalence, salience, affgctive salience, cognitive

complexity, overtness, embeddedness, flexibility, and donsciousness.




Of particular importance to the assessment of attitudes toward a
school subject area, such as méthemétics; are the dimensions of
‘direction (Does the individual genérally like or dislike mathe-
matics?) and intensity (How strongly does the individual feel about
this attitude?) " |
The variable properties suggested by Scott are in keeping -

with the attitudinél theory espouseq by Rosenberg and Hovland

(1960). This theory suggests that an attitude consists of affec-

tive; cognitive, and behavioral components. A schematic conception

of the Rosenberg and Hovland model is presented in Figure 2.1.

This model provides a conceptual‘framework for organizing a study

of attitudes such as that undertaken i£ the present investigation.

In this study the measurable independent variable or stimuius is

tﬁat of ﬁathematical problem solving;‘the in;ervening variable is

attitude toward mathematical problem-solving, which has a subsequent
relationshié to an individual's affect, cognition and behavior;

and?the measurable dependent v;riables are verbal statements per-

taining to an individual's affect, beliefs, and behavior with

respect to mathematical problem solving. ’

With a conceptual fraﬁeworklfor a study of attitudes

established, the next area of concern is that of measurement of

‘the attitude. The next several paragraphs discuss that issue.

i ~

The Measurement of Attitudes

A .umber of techniques are available to measure attitudes.
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Measurable :
independent \IrI;:iZl‘:tiiznt dependent
variables : variables
_._.__._’_/—rsympathetic nervous
| | responses
AFFECT l
i Verbal statements of

|
— e t— —— —\affect
_____/;erceptual responses 1

Stimuli: »

individuals, situations, | 7. I |

social issues, social | ATTITUDEsI——_" cocniTION | Verbal statements of
groups, and other I '_______ beliefs

"attitude objects"

P — —-'/,Overt actions

¥ BEHAVIOR |
I | Verbal statements

- - —\concerning behavior

Figure 2.1. A schematfc conception of attitudes.
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Corcoran and Gibb (1961) describe several of those used to measure -
attitudes toward mathematics, includiﬁg questionnairés, attitude
.scales, iné&mpléte sentences, pr%igctive pictures, essays, obser-
vationalvmethods, and interviews. of tﬂese techniques, perhaps . .
the most widely used are the attituae gcales. .The mast popular
types of scales»;fe desc£ibed gelow. 4 ' "
A Thufstone attitude scale considts of a series of statements
representing all degrees of opinion. Tthrequndeqt indicates ';‘
w%ﬁh &biéh statements he agrees. Each.staggment is aséigned a
scale value; ranging ffom 0.0 fér fhe most exéreme sté&emént
possible in thefnegétiﬁe directioﬁ: through 5.5 for neutral
statémenté,»éo 11.0 for tgg most extfemely'favorable statement
po§sib1e. The score for e;ch respondent is the mean scale value
of the statements checked. After ‘the scores have been determined
for each respondent, a frequency distribution canﬂbé pldtted for
the attitudes. of any particular group (Thurstone, 1928).
As a result of their work in experimental semantics, Osgooa;*
Suci, and Tannenbaum (1957) have developed an approacﬂ and
. rationale for attitude measurement’ known as the semanticf
diffe?ential. It is an attemptﬂt0»obtain én indication of the . R
overall feeling held by a group about a concept. Their Eechnique
uses bipolor adjective scales which form a continuum with pogitive .-

to negative connotation. The respondent indicates his degree of

feeling about the rated object by checking an appropriate

“ ) '




' *  deéscriptive term along the continuum. The semantic differential

aims at a generalized feeling rather than a specific delineation
Of 6?111'10“‘ ’ . r.‘*ﬁ'..‘,
A Likert acaie (Likert, 1932) resembles a simple questionnaire,

. . except that more refined techniques of item selection improve the

- iastrument. The scale is a series of statements, each either de-
. . \

finitely favorable or definitely unfavorable to the object of the

scale. The respondené indicates reaction to each statement,

s

‘usually on a five-point scale: strongly agree, agree, undecided,

N

disagree; and strongly disagree. The responges are cod§d 5, 4,

3, 2, and 1, respectively, for favorable statements, and 1, 2, 3,
< ’ )

4, and 5, respectively, for unfavorable statements. A high score

indicates a'ﬁavorable attitude, and a low score indicates an
unfavorable attitude. Apart from its relative ease of construction,

the Likert rcaling technique was chosen for use in this study for

two reasons. First, it gives more precise information about the
N

- respondent's degree of agreement or disagreement, thus contributing

. moré information about'the'important attitudinal dimension of

.
«

intensity. And second, it becomes possible to include items

" whose -content is not obviously related to the attitude in
-
"
question, so that the more subtle ramifications of the attitude

can be examined.
Among other, but less popular, means of assessing attitudes
are biographical and essay studies (Campbell, 1950) and the

3
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- monitoring of galvanic skin responses of subjects (Cooper & Pollock,
1959). Still other researchers argue for a multiple-indicator

approach to attitude measurement (quk & Selltiz, 1964), wherein

an attitude is not measured directly, but is inferred from subjectsk\

\/ "_..

Researchers have used a variety. of techniques to assess -

behavior.

attitudes toward mathematics,land a multitude of attitudinal

investigatiops(have been*conducteé in the last twenty years in

the field §f mathematicg education. Those dealing with elementary
- school students' attiﬁudes toward mathematics arg»reviewed in the

next section. ~ . . -

sy .

Attitudes Toward Mathematics of Elementary School Students

A number of attempts have been made to establish the relation-

1 achievement in

>

ship between attitude toward mathematics and pupi
ﬁathematics. Studies by Poffenberger and Norton (1969) and\by

Shapiro (1962) found low positive correlations between the,two‘\

criteria. The results of the extensive National Longitudinal S
’Study oflMathematical Abilities (NLSMA)Isuggested a rather stable

pattern of pdsitive correlations of mathematics attitude scores P S
with both méthematic5nachievement scales and mathematics grades®

in ecach of the popﬁlations of the study (Crosswhite, 1972). On

the other hand, studies by Antonnen (1967), Cleveland (1961),

and Faust (1963) faiied to sgpport the bellef that there is a

positive correlation between attitude and achievement in

mathematics.
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Some reseachers have tried to link general 1nte111gence with

"attitude toward mathematics. In a study with fourth— fifth—

and sixth-grade students, Shapiro (1962) found that students with
higher IQ had more positive attitudes toward mathematics. The
NLSMA data suggested small but significaét positive relationships
between attitude scores and the general intelligence measures
used in the study (Crosswhite, 1972). |

Some evidence exists to suggest that attitudes toward mathe-

.matics may be formed as early as the third grade (Fedon, 1958;

Stright, 1960; Callahan, 1971), although these attitudes tend to
be more positive than negative in elementary school (Stright, 1960).
And, interestingly, there is aiso evidence of a decline from the
third through the sixth grades in the percentage of studenté.who
express negative attitudes toward mathematics (Stright,‘1960).
Analyses of group means across grade levéis in the NLSMA study
indicated thatvstudent attttudes towérd mathematics peaked near
the teginhfng of the, junior high grades (Crosswhite, 1972).

At the elementary school level, attitude toward mathematics

-~
+

and achievement in mathematics are related to a number of person-
ality variables, such as good adjustment, high sense of personal
w?rth, greater sense of responsibility, high social standards,
motivation; high academic achievement, and freedom from withdrawal
tendencies (Naylor & Gaudry, 1973; Neufeld, 1968; Swafford, 1970).
In addition, children with positive attitudes toward mathematics

'
!

tend to like detailed work, to view themselvés as more persevering
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"sensing" in personality type (May, 1972).

In a discussion about ‘the roie of attitudes in learning
mathematics Neale (1969) observed ;hat, when attitude scores are
used as predictors of achievement in mathematics, a 1ow>bu§
significant positive“correlation is usually found. Neale's

claim is documented in research studies-by Moore (1972), Evans

-(1972), and Mastantuono (1971) with students at the elementary

school level.

Elementary Teachers and Attitudes Toward Mathematics

Many of the studies on attitudes toward mathematics conducted

in recént years have involved prospective teachers. This is not
surprising, since students in pre-service courses are a con&enient
group from which to draw research Samples. However, the attitudes
of this group are very important becauée of the potential
influence on pupils in the elementary schools.

Putton (1951) examined prospective teachers' attitudes toward
arith&etic and discovered that an alarming odtpouring of unfavor-
able feelings toward arithmetic was expressed by 74 per cegt of
the 211 students surveyed. In a later study (1962), he found that
38 per cent of prospective elementary teachers expressed dislike
for arithmetic, and 38‘per cent said they liked arithmetic fairly
wéll, but not enthusiastically. Réys and Delon (1968) reported
that approximately 40 per cent of }85'e1ementari education majors

whom they surveyed had unfavorable attitudes toward arithmetic.
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Fortunately, the pre-service mathematics content and methods courses
for prospective elementaryiféacheréw;eem fé.Ha;érarp051tivere£fect

on the improvement of attitudes toward mathematics (White, 1965;

Gee, 1966; Wickes, 1968; Reys & Delon, 1968).

An_observation_that is,.berhaps, reasoﬁéble is that the atgitude?
of elementary teachers toward mathematics are typically less positive
than those of secondary schébl mathematics teachers (Wilsonfet al.,
1968). - Brown (1962) found tha; experienced teachers had more poéitive
attitudes toward érithmetic and possessed a better understanding of
the subject than did less experienced teachers, although thé "
differences in attitudes and understanding were not significant.
Iddd (1966) found that a state-wide inservice course prodﬁced
significant changes in agtitudes toward arithmetic and in arith-
metic understanding for the'teéchers who completed the course.
S;right (1960) concluded Eﬁét a large percentage of elementary
teachers really enjoy teacﬁing arithmetic and attempt to make
the subject interesting; but the teachers' age, educagional training,

and years of teaching experience apparently had little effect on

attitude toward teaching the subject. .

Teacher Atttitude as Related to Student Attitude and Achievement

There is & generdl feeling among educators that teacher
attitude and effectiveness in a particular subject are salient

determiners of student attitudes and performance in the subject..

Several years ago, in a study that attempted to identify the
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factors determining attitudes toward mathematics,,Poffeﬁ%erger

.

(1956) concluded that: ) o

The teachers who tend to affect students' attitudes and

o achievement positively have the.following characteristics:
a good knowledge of the subject matter, strong interest in
the subject; the desire to have students understand the
material, and good control of the class without being
overly strict [p. 116]. :

Though he identified certa{n characteristics that might affect
. attitdde toward mathematics, Poffenberger did not establish the
relationship between the teacher influence and other factors that
make up the learning environment of the student.

At a conference on needed research in mathematics education
held at the University of Georiga in 1967, Lowry commented as
follows:

.There are a number of research possibilities beyond those

available, having to do with the effect of teacher prepar-

ation, attitudes, adaptability, maniter of presentation,

etc., on student achievement and motivations in mathematics.

' The teacher component is so important that considerable
effort should be placed on the study of the influence of
various teacher characteristics on all outcomes of the
learning situation [p. 119].

A number of studies have been conducted déaling with the influence

b of teacher characteristics on outcomes of the learning situation.
The relationship between téacher attitude and student achievement
in mathematics has been verified more often than has the connectio
between teacher attitude and student attitude.

A study by Torrance et al. (1966) conducted with sixth through

twelfth grade mathematics teachers resulted in the conclusion that
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teacher effectiveness had a positlve effect on student attitudes

toward teachers; methods, and overall school cllmate;. In a study
which Qealt with theilnfleences on student attitudes of teacher
attitudes encountered during the preceding three years, Phillips
(1973);tound that type of teacher attitude for two of the past
three years, especially most-recent teacher attitude, was signi-
ficsntly reiated to student attitude toward mathematics. On the
other hand, studies by Caezza (19i0), Van deIWalle (1973), and
Wess (1970) found no statistically significant relationships

between teacher attitudes and either the attitudes or changes in

attitudes of their students.

Sex Differences in Attitudes Toward Mathematics

Traditionally, matheﬁatics has been viewed as an interest
or occupation more suited to men than to women. Cpnsequentl&,
one might suspect that males would“score higher than females on
tests of achievement in mathematics and on ‘scales of attitude
toward mathematics. Several studies at the college level (see
Aiken & Dreger, 196}; Dreger & Aiken, 1957; Hilton & Berglund,a,b
1974) have found sex differences in both attitudes and achievement
in mathematics favoring males over females. However, at the ~
élementary school level, the results have not been quite so

definitive. -

Chase (1949) fouﬁd that fifth-grade girls disliked arithmetic.

more than fifth-grade boys, and the reason for the dislike was
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difficult. Several years later, in a study with third, fourth,
and sixth graders, Stright (1960) concluded that girls liked

arithmetic better than boys. In a study which included fourth-

*and sixth-érade students, Reese (1961) found that measures of

attitudes ahd anxiety may be bettér predictors of the mathematics
achievément of females than of males.

The NLSMA comparisons of boys' and girls' attitude pfofiles
suégested éhat major observable differences were establi;hed by
the early junior high school years. . Though girls-entered the
study at grade 4 with somewhat more positive attitudes, their
increase in attitude was le;s than for boys during the late
elementary schooi years (Crosswhite, 1972).

In a study of attitudes toward arithmetic of students in
the intermediate grades Shapiro (1962) found no significant
differences between the attitudes of boys and girls. A similar
finding was reported by Wozenéraft (1963). Dutton (1968) also
concludea that boys and girls who had studied '"new math" were
about equal in their liking for ariﬁhmetic.

The somewhat inconsistent findings noted abové indicate
that, at least in attitudinal studies conducted at the elementary
school level, separate data analyses by sex should be performed.
Additional research evidence is ‘needed before any conclusive

judgments can be made about sex differences in student attitudes

toward mathematics at this level.

. 49

32




33 e k\‘ ~

7"Studentrand Teacher Agtitqdes as Related to Curriculum Materials

As a result of the modern mathematics movement of the 1960's,

- a number of studies have been conducted which compare the attitudes

of students in a modern program with those of sgudenté in a tra- . . .
ditional program. The most numerous of these investigations have
) .dealt with the School Mathematics Study Group (SMSG) matgrials.

In general, these studies have found that the me;n mathematics
attitude scores of students taught with th; SMSG materials are

not significantly different from the scores of those st?dents
taught with the traditional curricul&m materials'(Phelps, 1965;
Osborn, 1965; Woodall, 1967; Hungerman, 1967). In fact, Osborn
(1965) found that the attitudes of SMSG students were more

negative than thpsé of students 16 the traditional curriculum.

Results similar to those noted in the preceding paragraph

have ﬁeen obtained in other investigations which have compared
"modern" aﬁd "traditional" programs of instruction. For example,
in a study with students using the University of Illinois Committee
.on Schosl Mathematics (UICSM) materials, Demars (1972) found no
more improvement in attitudes toward mathematics of those students
Qho used the U;CS& materials than of those using traditional
curriculum materials.

- An individualized approach to instruction in mathematics can

have a more positive effect on attitudes that a traditional

approach. In discussing an evaluation of the Individually
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Prescribed Instruction (IPI) mathematdics materials, Maguire (1971)

makes such a conclusion.

Concluding Remarks . ]

Because of the diverse findings of many of the attitudinal
investigations noted above, generalizability of. results is difficult.

Thereforé, researchers must continue to investigate the comparative

\\. learning effects of differing attitudinal variables. The next
\\ part of this chapter discusses the literature pertaining to attitudes
N - - .
N toward problem solving.

"

Part I11: Attitudes Toward Problem Solving

The studies reviewed in Parts I and II of this chapter point
to the fact that investigations of mathématical problem solving
and of attitudes toward mathematics are -extensive in SCOpé; diverse
in nature, and often conflicting in results. Clearly, there is a

need for more research into the nature of each of these variables.

Recommendations Related to Problem Solving Attitudes

Several years ago Brownell (1942) observed that favorable .
student attitudes toward problem solving are a desirable educational

outcome, and he remarked that such attitudes can be developed. More

recently, Polya (1965) has stressed the imbortance‘of favorable

teacher attitudes in helping students acquire problem solving

I
proficiency. In a publication by the Ontario Institute for Studies

in Education (1971) the following observation is made:




Granted that problem solving is both a desirable and an
essential part of school mathematics, 1t seems a necessary
prerequisite for successful development of problem solving
skills that both teacher and student have positive attitudes
to problems. Many teachers, particularly in the elementary
school, have scant knowledge of mathematical content, and
therefore feel far from confident in venturing beyond
teaching the superficial exercise type of problem. Often
they transmit this basic insecurity to their students

[p. 35].

Thus, there seems to be some scholarly agreement on the importance
of fostering the development of f;vorable'attitudes toward problem
solving, both on the part of the teacher and student.

Aiken (1970) has called for more intensive iﬁvestigations'
~into the nature of attitudes:toward mathematics and has suggested
.that an iﬁdividual's attitude toward one aspect of the discipline,
such as problem solving, may be entirely different from his-atti—
tude toward another phase of the discip}ine, such as computationé
Researchers, however,’have tended to use single, global meaéures

of attitude toward mathematics, rather than investigating attitude

toward only one phase of the discipline.

The purpose of the next several sections of this chapter is

8y

to review the work of the few researchers who have investigated
problem solving attitudes. Each of the studies described below
has special relevance for some aspect of the present‘investigation.

j
A Problem Solving Attitude Scale for College Students

Carey (1958) worked with a college-age population in an

attempt to answer five questions: (1) Can a scale be constructed
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which measures attitude toward problem solving? (2) Are there sex

differences on such a scale? (3) Is probiem gélviﬁg ;tgitude
related to problem solving performance? (4);Wi11 an attempt to
change attitude be followed by a change in performance? and (5)
Will women respond moré favorably than men to an attempt to improve
their attitudes? Though Cargy was interested in general pfoblem
solving, ratﬁer than mathematical problem solving, her study is
imﬁortantrbecause it represents a first attempt at the construction
of a problem solving attitude scale. She did find that it is
pbssible to c;nstruct a reliable instrument with Likert-type

format to measure attitudes toward problem solving. Thé use of
this scalé enabled her to conclude that men and women do differ

gn attitudes toward problem soiving, that problem solving perfor-
mance is positively related to problem solving attitude, and that
when women's attitude toward problem solving is modified in a

more favorableAdirection, they make significant gains in problem

solving performance.

\

A Brazilian Study of Problem Solving Attitude;

Lindgren et al. (1964) studied attitudes toward problem solving
as a function of success in arithmetic in Brazilian elementary
schools. A 24-item adaptation of the Carey (1958) scale was
constructed and translated in Portuguese. An arithmetic achieve-

ment test, a general intelligence test, and a socio-economic

24
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scale also were administered to the sample population of fourth-grade
students. Attitudes favorable to situations involving the solving
‘of problems werevfound to be positively and significantly correlated
with arithmetic achievement, although the correlations were rather
low. Problem solving attitudés also were correlated positively,

but not significantly, with marks in arithmetic. Positive aﬁd
significant correlations were found among success in aritﬁmetic,
intelligence tést scores, and socio—economic status. Problem solving
attitudes of the students showed near-zero correlations with intelligence
test scbres and socio—economic status. Unfortunately, the Lindgren.
study éid not correlate problem solving attitudés with student
performance in problem solving. The positive correlations found
between problem solving attitudes and arithmetic achievement lead

to the conjecture that a strong co:relation could exist between

problem solving performance and problem solving attitude.

A Problem Solving Inventory for Children

i

Covington and Crutchfield (1965) have reported several studies

with the General Problem Solving Program, an apparently successful

program fﬁr teaching children to apply heuristic strategies to
problems. Though the problems are not mathematical in nature,
the strategies are appropriate to mathematical problem solving.
Of particular interest is the work by Covington (1966) to devise

instruments that assess problem solving competency among upper
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elementary school children. Specifically, this effort is directed

toward the development of the Childhood Attitude Inventory for

Problem Solving (CAPS). CAPS consists of two scales. Scale I

B

contains 30 true-false items and is designed to indicate children's
beliéfg about Ehe'n&ture of the problem solving process and e
attitudeg toward‘certain aspects of problem solving. ‘Included are \\ : :
items dealing with such ideés as the child's conception of the
innateness or unchangeability of oné;s problem solving ability,
the dgsirability of suppressing rather than éxpressing novel
ideas,.and the wisdom of persisting in the face of)a problem that
othé%% have failed to solve. Scale II, also consisting of 30
true-false items, aésessés the child's dégreex%f self-confidence
in dealing with problem ;olving tasks; it reflects some of the
typical s;urces of children's anxiety about thinking,. including
the fear of having_one'saideas held up for ridicule (see Covihgtoﬁ,
1966). : N .

\ Though CAPS is not designed to assess attitudes toward mathe-
mg%ical problem solving, it does hold promise as a model for the

' désign of similar instruments’ related to mathematical problem

Qolving. The nature of the problem solving process is such that

many of the requisite skills and processes needed for the solving

of mathematics problems are the same as those needed for the

solving of general problems, and vice versa.




Concluding Remarks to the "Chapter

'Sifting through the voluminous4pr6b1em séiving and attitudinal
literature for definitive énswers to questions about the nature of
each variable and the relationships between them is a tedious and
often—frustrating task. The compiex nature of the concepts confouﬁds
‘the problem. At best,‘the resgarch evidence about each of the two
variables 1is inconclusive, and.research into relationships between

the two variables is almost nonexistent. One fact is clear. Be-

P

cause of the complex nature of each variable, the simultaneous

1nvestigation of attitudes and problem solving must’ take into

3

account several sources of potential variability. Otherwise, the
generalizability of the research findings is severely limited.

This chapter has reviewed the related research literature in

’

three, areas: problem solving, attitudes, and attitudes toward

3

problem‘solViﬁg. Chapter 3 discusses the design of the study re-.

ported in this paper.




’Chapter 3
DESIéN OF THE STUDY
This investigation of the relationships between student and
teacher mathematical problem solving attitudes and student mathe-
matical problem solving performance fits into the framework of
information—orienged research (Suppes, 1967; Scandura, 1967) or
relational research (Romberg & DeVault, 1967). Such studies
provide information and insiéﬁt into the nature of specific
rélationsﬁips between curriculum variables, thus making it fea-
sible to formulate tentative hypotheses caﬁable ofﬁbeing tested
in more rigorously désigned experiments. This éhapter discusses
the design of the pfesent investigati;n‘and begins with some

background information regarding the idesxfor the study.

N\
The Idea and Background for the Study

The design of this study evolved as the autﬁo; worked closely

~
AN

with teachers and children participating in the pilof\tgsting and

field testing of the Developing,Mathematicaltéipeesses (DMT)\
program (Romberg, Harvey, & Moser, 1974, 1975, 1976). The DMP

program is based on psychological research into the ways children

" 40
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learn mathematics; and utilizes an activity-oriented, measurement
appro;ch to the teaching and learning of mathematics in grades K-6.
The progrém is being developed at the University of Wisconsin
Research and Development Center for Cognitive Learning and is
designed for use in a system of Individuaily Guided Education (IGE)
in a multiunit elementary school (see Klausmeier; Quilling, &
Sorenson, 1971). However, DMP also can be used in any type of
elementary school where the progress of each child as an individual
is important.

The entire DMP program is built around a sequence of hier-
archically-ordered objectivés and,é program of instruction that
leads to mastéry of those objectives. The K-6 instructional
materials are organized into 90 units, called topics, and are
subdivided into levels to approximate the following grade dis-
tributions:

Topics : Approximate Grade Levels

1-40 1 Primary (K-2)
41-65 Lower Intermediate (3-4)
66-90 Upper Intermediate (5-6)

Brief descriptions of the first 65 DMP top.cs are given in
Appendix A.
The basic underlying theme of the DMP program is problem

golving. Using various mathematical processes, such as describing,

»
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~ anq classifying; comparing and ordering, ‘joining and separating,
grouping and partitioning, aqd validating, children solve a wide
variety of types of problems. Several important problem solving
teqhniques are used in DMP to prevént children from solving
problems mechanically or jumping to false conclusions and to
enéourage them to adopt a '"stop and think'" attitude before
solving. One of these techniques is the inclusion of problems
that have no answer or many answers; Effective problem solving
also is promoted in DMP through the use of open sentences and
equivalent sentences; the children have many experiences in
writing, transfbrming, and solving sentences. Once the children
have solved a particular sentence, they validate the solution
by putting it back into the context of the problem to be sure
1t is reasonable. The following quotation, taken from the

DMP Resource Manual, Topics 41-65 (Romberg, Harvey, & Moser,

1975), emphasizes several of the key strategies uéed in the
program:

Although DMP emphasizes some broad problem solving

'strategies such as the use of the open sentence, stress

is also placed on the children's ability to develop : .
their own ways to solve problems. Just as there 1is

frequently more than one '"right" answer, there is

frequently more than one "right'" seéntence or one "right" .
way to solve. Children's perceptions of problem situ-

ations may differ though they may be equally correct.

They need to be allowed time for trial, time for error,

and time to learn from their errors [p. 50].

The developers ot the DMP program-believe that exposing children

to a wide variety of problems will lead to a willingness to tackle
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new proble;s, will produce confidence in children's ability to
handle new problems, and will enhance their ability»to»apply
problem solving=techniques.

As observed in Chapter 1 of this paper, the author has been
impressed by the manner in which DMP students attack problems
aﬂd by the positive affect which both students and.te§chers
seem to poséess with regard to the DﬁP program. Consequeﬁtly,
this personal'obsefvation, reinforced by similar ones made be
other DMP staff members; precipitated the design of.a study
to inveétigaté the mathematical problem solviné‘performance of
children and the problem solving attitudes of both teachers

and children. The next section of the ch ter presents an out-

line of the overall design of the study.

The General Design of the Study

The study was conceptualized as being conducted in two
parts with samples from two different populations. The diagram
in Figure 3.1 depicts the design. The specific details of each
component of the design are delineated in ensuing sections of

the chapter. The next section describes Part I of the study.

The Questions and Procedures for Part 1

Part I of the study was to deal with the first five questions

formulated in Chapter 1. They are:

Question 1: Do fourth-grade students have favorable attitudes
toward problem solving?

H

-
N
e
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PART Il

PART 1

*Measure A:
Measure B:
Measure C:

Figure 3.1.

—1 @

[ Time 1 "Treatment'' Time 2
l--————--———lb—-—-——————w———————l
| I
| |

Measures Study of Measures '
: A, B, & C* DMP Topics A, B, & C* I
| |
| |
l—-——————-———-————‘ ——_——dI

Measures

A, B, & C*

Student Mathematical Problem Solving Test
Student Mathematical Problem
Teacher Mathematical Problem

The design of the study.

o

Solving Attitude Scale
Solving Attitude Scale

DMP
Sample

I3

Non-~DMP
Sample




ghestion 2:

Question 3:

Question 4:

Question 35:

45

Do differences in attitude toward problem solving
extst 1f students are classified by sex?

Do differences in.attitude toward problem solving
exist 1f students are classified by mathematics
program type: DMP versus non-DMP? -

bo fourth-grade teachers have favorable attitudes
toward problem solving? ‘

Do differences in attitude toward problem solving
exist if teachers are classified by type of
mathemdtics program taught: DMP versus non-DMP?

How do fourth-grade students perform on a

test of problem solving performance which
provides measures of comprehension, application,
and problem solving?

Do “di fferences in problem solving perfbrmancé
exist when students are classified by sex?

Do differences in problem solving performance
exist when students are clussified by mathe-
matics program type: DMP versus non-DMP?

What is the relationship between fourth-grade
students' attitudes toward problem solving
and their performance in problem solving?

Do differences in this reZatzonsth exmst if
students are classified by sex?

Do differences in this relationship exist if
students are classified by mathematics program
type: DMP versus non-DMP7

What is the relationship between fourth-grade
teachers' attitudes toward problem solving and
their students' performance in problem solving?

Do differences in this relationship extsu if
students are classified by sex?

Do differences in this relationship exist if

students are classified by mathematics program
type: UMP versus non-DMP?
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The Sample
| The subjects in the sample for Part I of the study were to be
30 fourth-grade ﬁeachers and the students to whom they taught
mathematics. Fifteen of the teachers and their students were to
have been participants in the large-scéle field test (see Montgomery

& Wh(igker, 1975) of the Developing Mathematical Processes (DMP)

program for at least one year prior to the 1975-76 school year.
In additibn, they were to be studying the commercial fourth-grade
DMP materials during the 1975-76 school year. The remaining 15
teachers and their students were to be chosen from Wisconsin
schools not using the DMP program. An attempt was to .be made

to involve teachers of bqth sexes and to obtain fourth-grade
classes from schools varying in type (multiunit, non—multiunit),

size, and location (urban, non-urban, rural).

The Procedures - E

puring the fourth month of the 1975-76 school year,ra
mathematical problem solving test developed by R@mberg'and Wearne
(see Wearne, in preparation) was to b; administered to the .
students in the sample. At approximately the same time scales
designed to measure the wathematical pfoblem solving attitudes
of both students and teachers were to be administered.
The attitude scalos were to be developed as a part of the study.
The development of all three instruments used in the study is

described in Chapter 4 of this paper. On the basis of their

b3
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scores on the attitudinal instruments, the teachers and students
were to be classifie& as having either favorable or unfavorable
attitudes toward;mathematical proBlem solving. The mathematical
problem solving test data were tO be categorized in terms of scores
of comprehension, application, and ﬁroblem golving and analyzed to
ascertain the presence or absence of statistically significant
differences with respect to séx'of student and type of mathe-
matics pragram studied (DMP‘versﬁs non-DMP). Simple correlational
procedures were to be used to show the relationships between
teacher and student mathematicallproblem solving aétitude and
student mathematical problem solving performance. Correlations
weré to be calculated to show the relationships between the
attitudinal and performance variables when the data were categorized
by sex of student and program type (DMP versus non-DMP). It was
anticipated that additional correlational procedures might be
necessary to ideritify those items, or groups of items, from the
attitudlnal scales which might be interrelated with the cal-
culated correlations. These findings were to provide information

relative to Questions 1-5 of the study.

The Questions and Procedures for Part,II_of the Study
Part II_of the étudy was to be'directed at the remaining
two questions poused in_Chapfer 1. They are:
Questioh_g: Do fourth-grade teachers' attitudes toward
problem solving affect their students'

problem solving performance or 1is the
eflect of the opposite nature?

64
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Do differences exist when students are classified
by sex? ’

Question 7: Do fourth-grade teachers' attitudes toward pro-
: blem solving affect their students' attitudes
toward problem solving or is the effect of the
opposite nature? ’

\
Do differences exist when students are classified
by sex?

The Sample

The subjects in the sample for Part II were to be the 15
teachers and their students from the DMP sample of Part I. The
hon—DMP,teachers and students were not to participate in the’

second part of the study.

The Procedures

Simple correlatioﬁal procedures could not answer the questions
of cause and effect posed for the second part of the study. However,
Campbell and Stanley (1963) have discussed a quasi-experimental
design thch can provide answers regarding the direction of re-
lationshipvbetween teacher attitude and student attitude and
performance. The design employs time as a third variable and is
called cross-lagged panel correlation (Camﬁbell & Stanley, 1963).
As indicated in Figure 3.1, Part II of the study was to involve
the DMP sample and was to consist of two different testing periods
(Time 1 and Time 2) with an intervening ''treatment" period of
10-12 Weeké. The first testing period has already been described.

The secdnd testing period was to occur during the seventh month
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of the 1975—76 school year and was to consist of a second administration
of the mathematical prdblem'solving test and the student and teacher
mathematical problem solving attitude scaies. This part of the
design of the study is quasi-experimental in néture because thg
intervening "treatment' is not rigidly controlled. The‘"treatméht"
was to consist of a course of study selected from the_regulaf DMP
sequence of topics for fourth grade. The only restrictionrplacéd
on the "treatment" was that teachers were to select at least one
topic from the problem solving strand of the DMP prégram; the
" remaining two or three topics were to be selected from the other
content stpands (see Appendix A). Monitoring visits were to be
made to the participating schools during the "treatment" period
to be certain that the DMP topics Qere actually being taught as
requested. Figure 3.2 depicts a sschematic conception of the
first phase of the cross-lagged correlational technique used inv

the study.

Time 1 Time 2

Teacher Teacher

Accicudew/ Fattitude
C -

—
Student &~ T21 \L Student
Problem Solving Problem Solving
Performance Performance

Figure 3.2. Schematic conception of cross-lagged
panel correlation.
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The correlation between teachers' attitudes at Time 1 and the

means of the problem solving test scores of-their studenté at
Time 2 (rlz) were to be computed, as well as thé correlation Se—
tween teacher attitudes at Time 2 and the means of the ﬁroblem
solving test scores ofvtﬁeip students at Time 1 (r21)5 if r12
-is significantly more positive than r21’ this would be‘évidence
that teachers' initial attitudes‘have a greater effect on final
mean student problem solving performance than initial mean student
problem solving performance has on final teacher attitude. How-
ever, if f21 is signi}icantly more positive than'rlz; then this
would provide an {ndication that initial mean student problem
solving performance has a greater effect on final teacher attitudes
than initial teacher attitudes haQé on final mean student problem
solyiné performance. This type of correlational anaiysis for
attitudinal research has been recommended by Aiken (1969).

» A siﬁilar cross—lagged.panel correlational analysis was to

~

Fe used to study the effects of teacher attitudes toward problem

’

éolving on student attitudes toward problem solving. A schematic

conception of” this analysis is given in Figure 3.3.

Time 1 Time 2

Teacher Teacher
Attitude \F12 Attitude
X

~
Student 2 \\‘Student
Attitude Attitude

-

Figure 3.3. Schematic conception of
c%oss—lagged panel
correlation.

34
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Concluding Remarks

#
This chapter has provided some background regarding the
design of the study and has discussed the several components
_of the design. The next chapter describes the construction of

_the ihstruments which were used in the study.
rd
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Chapter 4

e ’ THE INSTRUMEMTS OF THE STUDY

Three instruments were used in the present study of the

relationships between fourth-grade students' mathematical problem

1

solving perfofmance, their mathematical problem solving attitudes,

i}

and the mathematical problem solving attitudes of their: teachers.

The purpose of this chapter is to describe each of those instruments.

The mathematical problem solving test was developéd by Rombérg and

Wearne (see Wearne, in preparagion); it will be described first.
The other two instruments, the student mathematicél problem
solving attitude scalg and the teacher mathémati;al problem
solviﬁg‘attitude scale, were developed by the author; their

development will be discussed in the last two sections of the

.chapter.

, \ The Mathematical Problem Solving Test
T - ' ’ ) -
~'Single total scores, as obtained'on most tests of mathematical

problem solving performance, are inadequaté when attempting to

explain the reasons why some students are successful problem

o

solvers and others are not. HoWwecver, a test developed by

Rombérg and Wearne (Wearne, in preparation) was designed to

Ky
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/r‘
overcome such inadequacies and was used to assess the mathematical

problem solving performance of - the fourth-grade students /in the
present ‘study.
The mathematical problem solving test was designeg to yie’d

three scores: a comprehensiJn score, an application,%core, and
, / j
a problem solving score. Eﬁch of the 22 three—part /items on the

test contains a comprehensién, an application, and,a problem

/
!

solving question The comprehension question assesses a child's
understanding of the information presented either explicitly or
implicitly in the item sqem The application question involves
a fairly straight forwaré application of some rule or concept

to a situation. The pr%blem solving question presents a situation

which involves other thﬂn a routine application of some principle.

/

Although the application| and problem solving parts may refer to a

common unit of informatign (the item stem), ohe questions are
i

\ : I
independent in that the résponse to the application question is
not used to respond to the\problem solving duestion} Because

_ i
this test differs markedly from other mathematical problem
o4 3 j‘ .

Solving tests, two examples *f the three- part items on the test

are given here to illustrate the nature oﬁ the comprehension,

’

‘application, and problem solving parts. Figure 4.1 illustrates
one three-part item from the te t. In Figure 4.1 the item stem
and the comprehension part are shown first; the comprehension

i

part assesses a child's understangin of the information presented
g P
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In Circleland, people write

©

write 1 when they mean 61.
In Cfrcleland, people write when they mean 8.
(A) True
(B) False

(C) Impossible ’

What do they mean when they write

(A) 6

(E) 63
(C) 630
™) 603

(E) 306 :

What do they mean when they write

(A) 4,526 (C) 4,562
M) 40,526 (D) 45,620
(E) 45,760

Figure 4.1. ' Example of a three-part item from the
mathematical problem solving test.

ERIC

Aruitoxt provided by Eic:
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explicitly in the item stem. The second part of the item (application)
is answered by direct application of information contained in the

- AN I _
item stem, while the third part of the item (proBlem~§6T§iﬁg) re-
R \
quires a generalization of information p:esented in the item étem.

.

Figure 4.2 gives a second example of a three-part item from the

|
§

mathematical problem solving test. 1In thﬁs example the item stem 1is
given implicitly in the comprehension pa?t of the item; it presents
the information pictorially and aséesses a child's comprehension of
a "beam in balance." The second part of the item is a direct applica-
tion of a balance beam to a situation which requires one to determine
the order relation between two objects on the attribute of wéight.
The third part of Fheuitem represents an extended application of
the second part; a chiid must realize that the sum of two smaller
weights is less than the sum Qf two larger weights.

The mathematical problem solving test used in the present study
is a revigion of an earlier 19-item test developed by Romberg and

R

Wearne and used in the study by Meyer (1975). The vé}sion used by
Meyer with 179 fouréh—grade'SCudents had, undergone a careful

development (see Me , 1975), and the total test Hoyt reliability

coefficient forfthat test was .82.

The Rombgrg-Wearne Mathematical Problem Solving Test used

t study is given in Appendix B; its development is

described re completely by Wearne (in preparation). ' Because

A
of the pgéi's unique design, with three scores possible for each

72
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THESE PROBLEMS ARE ABOUT BALANCE BEAMS.

Which picture shows the balance beam in balance?

QY]

X

Which sentence tells about the weights @ and . ?

(A) @ weighs less than .
(B) @ weighs more than .

' () @w}sighs the same as .
N N

(D) Impossible to tell from the picture.

Weights @ and are put together on one end of the balance beam
and and are put together on the other end of the balance

beam. Which picture shows how the balance beam might look?

\
©)
.
| w N © N

(A

(D) TImpossible to tell from the
picture.

(®)

: 5
Figure 4.2. Fxample of a three-part item from the
mathematical problem solving test.

O

ERIC | w3

Aruitoxt provided by Eic: .




57

student, it was deemed particularly appropriate for use in an
investigation of pathematical problem solving attitudeS, as
student attitude may be examined in relation to a three-step
sequence which students follow in solving a mathematics problem.
The construction of the student mathematical problem solving

attitude scale is described in the next section of this chapter.

The Student Mathematical Problem Solving Attitude Scale

Introduction

Though observational and interview techniques hold promise
as perhaps the most ébjective measures of attitudes, the large
number of students who were to be tested in the present in~-
vestigation made such techniques impractical. Past ;fforts to
develop scales that measure attitude toward problem solving have-
met with reasonable success. Carey (1958) found that a reliable
scale can be gonstructed. A modification of the ‘Carey scale was
used by Lindgren et al. (1964) with a group of fourth-grade
students in Brazil. Successful effbrts have also been exerted by
Covington (1966) to develop a group—administered inventory of
problem solving attifude with upper elementary school children.

The Carey scale was deemed inappropriate for use in the
present study, since it was developed for use with coliege—age
students; furthermore, it assesses attitude toward problem solving
in general, rather than attitude toward mathematical problem
solving.  The scale usde by Lindgren et al. might have proved

useful in the present study, since it was given to fourth-grade

74
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students, but efforts‘by the author to obtain a copy of the scale
proved futile. The inventory developed'by Covington assesses
general problem sélving attitude, rather than mathematical problem
solving attitude,”and is limited in the amount of information
conveyed regarding the intensity of the respondents' attitudes
since the inventory uses a true—faiée,format; thus, it,:too, was
rejected for potential use in the present investigation. The
futility of the search for a suitable existing instrument to

measure elementary school students' mathematical problem solving

attitudes convinced the author of the need to develop such a scale.

The Construction of the Scale

In Chapter 1 attitude toward problem solving was defined as

the predisposition of an individual to evaluate factors related to
mathematical problem solving in‘a relatively favorable or unfavorable
manner. The problem of codstructing a scaie to measure this attitude
began with an examination of the attitudinal object—--in this case,
matﬁematical problem solving--and of those factors related to

.-

that object. Mathematical problém solving was defined as the process

-,

of analyzing a sit;ation posed in a problem, producing a procedure
for solving tihe problem, using that procedure, and achieving a
solution to the problem. This definition is siﬁilar in nature to
the four phases of the problem solving process suggested by Polya
(1945), and both the definition and the writings of this emineﬁt

teacher proved valuable as sources of ideas for attitude scale




59

items. In addition, the work by Carey and by Covington, and the

writings of the staff of the Developing Mathematical Processes

(DMP) program (see Romberg et al., 1674, 1975, 1976) guided the
author's thinking in the development of the mathematical problem
solving attitude scale.

Nunnally (1967) has remarked that if verbalized attitude is
the variable of interest, then the content vélidity of the instru-
ment to be constructed is the major issue; furthermore, he main-
tains that the major standards for ensuring content validity are
a representative collection of items and a sensible method of
instrument construction. Another aspect of content validity is
that of face validity, that is, a judgment regarding whether an
instrument appears to measure what it“purports to measure. Both
~ontent validity and face validity were carefully considered in
the design of the student mathematical problem solving attitude
scale.

A procedure similar to that used in the development of the
‘NLSMA attitude scales (see Romberg & Wilson, 1969) was followed
by the author in the construction of the stﬁdent attitude scale.
First, a pool of 82 items was constructed; each item purpoftedly
measured some aspect of fourth-grade students' attitudes toward
mathematical problem solving. Included were statements réflecting

children's beliefs about the nature of various types of mathematics

problems, the nature of the problem solving process, the desirability,
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of persevering when solving a problem, and the value of generating

several ideas for solving a problem. Other stateﬁents referred to

children's ability to éucceed’in problem solving situations, and———

some dealt with possible anxiety in not knowing how to go abOut

solving a problem or the fear of being incapable of effective

thought wﬁen attemptiﬁg to solve a problem. An attempt was made

to_maintain a balance between positive and negative items. A

complete listing of these 82 original items is included in Appendix C.
Next, the list of items was submitted to a panel of reviewers

for careful scrutiny. The panel consisted of six mathematics

educa;ors, two experienced elementary school teachers, a licensed

psychometrist, aéd two elementary matﬁematics curriculum writers.

The reviewers were asked to examine the items with respect to

adequacy of sampling of behaviors indicative of fourth-graders'

attitude toward mathematical problem solving, to mark those items

which they felt not indicative of such an attitude, and to indicate

the direction-~positive or negative--of those items which were

indicative of the attitude. The reviewers.alsg were encouraged

to suggest changes in wording of the statements. The reading

_level of attitudinal instrumenté used with elementary school

students often poses a problem of reliability and interpretability

of results of those instruments (Aiken, 1969). For that reason,

an experienced fourth-grade teacher was asked to examine the

problem solving attitude item sample solely on the basis of

77
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readability by fourth;graae students. Any item that was rejected by

at least two reviewers was discarded as inappropriate for inclusion

inltﬁe instrument.
It was the author's desire to make the format of the student
attitude scale as appealing as possible to fourth—grade'studengs
and to avoid the use'of "adult" terminology. For this reason,
the typical response format of Likert scales--strongly agree, agree,
undecided, disagree, strongly disagree--was changed to-that of really
agree, agree, can't decide, disagree, really disagree. In addition,
_one reviewer suggested that some of the attitudinal items might lend
themselves to a "happy/sad faces" format. Consequently, the author
decided to organize the pilot scale in two parts. The first part
consisted of those items which could be written as open-ended
statements and to which students could respond using a "very happy-
to-very sad faces" fofmgt. An example of such an item is given in
Figure 4.3.
1f we spent more time in school doi;g math problems,

1 would bhe

OO OB

Figure 4.3. Example of a mathematical problem solving
attitude item with "happy/sad faces' format.
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The first part of the p%}ggﬁscale consisted of 14 such‘statements
and was designed to provide an "informal' measure of each student;s
attitude_boward mathéﬁatical problem solving.
Thé second part of the pilot attitude scale consisted of 26
items to which_tﬂe stud;nts were to respond using the ''really agree- -

to-really disagree" forma;{ An example of one of these items is

in Figure 4.4.

* After I read a problem, I like to think about what I know
. ' and what I don't know in the problem.
REALLY AGREE
__ AGREE
CAN'T DECIDE
DISAGREE

REALLY DISAGREE 3

Figure 4.4. Example of a mathematical problem solving
attit¥de item with modified Likert format.

This part of the scale was designed to provide a more "formal"
measure of each situdent's attitude toward mathematical problem
solving. The specific nature of many of the items allowed for a
probe inﬁo the more subtle ramifications of a student's attitude.
L Using the developmental sequénce described above, a 40-item

pilot scale was constructed to measure fourth-grade students'
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attitudes toward mathematical problem solving. A copy of this scale
is included in Appendix C. The 14 "informal' items were randomly

ordered to form Part I of the scale. The 26 "formal" items were

"

randomly ordered to form Part II of the scale. To provide some
control for those students who might unconsciously compare one item
with another, only four or five items were included on each page of

the scale.

The Pilot Test

The pilot‘version‘of the student mathematical problem solviﬁg'
attitude scale was administered by the author to 51 fourth—grade.
students in two elementary schools in Madison, Wisconsin. Test-
administration time was approximately 20 minutes. The written
directioﬁé for the scale were ju&ged to be satisfactory, and no
problems were observed with the administration of the'scale or
with student response to the scale.

\ \ ' '

The Item Analysis

The item responses of each student were coded on a five-point

1

‘
scale, ranging from a score of 5 for the most favorable respomse to
1 For the most unfavorable response. A total scale scofe of 200
represented the '"most favorable' attitude toward problem solving,
a total score of 120 signifded a '"neutral" attitude, and a total
score of 40 represented the "most unfavorable" attitude; varying

degrees of "favorableness" or "unfavorableness' were represented by

<
intermediate scores. Mean total score response was 142.9.

” “

50)
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An item analysis was performed on Part I, Part II, and the
total scale by using the ITEMPACK program (Campbell & Bohrnstedt)

at the University of Wisconsin Academic Computing Center. The ,

ITEMPACK program is specially designed for use with Likert scales./
Cronbach{s Alpha (Cronbach, 1951), a measure of the internal
consistency reliability of an instrument, was computed for each

part of the scale, and these are given in Table 4.1.

TABLE 4.1

INTERNAL CONSISTENCY RELIABILITIES
FOR PILOT ATTITUDE SCALE §N = 51)

-
. i+

L
\

I ol
. Number Cronbach's Standard Error
Scale of Items Alapha of Measurement
Part I 14 " .84 ' 3.32
Part II 26 .86 5.36 .w
Total 40 N 90 6.41

The reliability coefficients were judged to be quite satisfactory
for each part of the scale and for the ﬁotél §gale. As an
additionallmeans of analyzing the iﬁternal congistency of an
{nstrument, the ITEMPACK program uses algorithms suggested by
Bohrnstedt (1969) to correlate each item score with the total
scale score. The program also calculates corrected item-to-total

correlations using the procedure suggested by Cureton (1966);

. §1
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this calculation corrects for the spurious result caused by the in-
clusion of the item in each correlation. The Cureton item-to-total
correlations for the student scale are given in Appendix C. The :
cprrelations were judged to be acceptabie for nearly all items.

;;r items 7, 13, and 34 the item—to—fotal correlations were negative;
therefore, these items were eliminated from the scale. For items 9,
17, 19, 22, and 24 a weak positive relationship was noted. Item 9
was dropped from the scale; however, because of the importance of’

the content of the other items to the attitude being assessed, it

was felt that they should remain in the scale.

The Revised Scale

As a result of the pilot test of the student mathematical
problem solving attitﬁde scale anu the subsequent item analysis,
a revised 36-item scale emeréed. The revised scale consists of
two parts. Part I has 12 items designed to provide an "informal"
measure of a student's attitude toward mathematical problem solving.
Part II consists of 24 items désigned to provide a "formal" and
more specific measure of the attitude. The total scale, then,
provides a composite measure of a number of variables which
influence a fourth-grade student's attitude toward mathematical
problem solving. ‘A copy of the revised scale is given in

Appendix D.

Concluding Remarks

This section of the chapter has described the developmental

sequence followed ia the construction of a mathematical proklem
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golv1ng atL1tude scale fqr elementary school students. The next

section d1scusses the development of a similar scale for use with
{

‘elensntary school teachers. . .

The Teacher Mathematical Problem Solving Attitude Scale

The only existing scale for assessing adult attitudes toward
' . 3 /

e

) problem solving (Carey, 1958) was judgediinappropriate for use .

with,the teachers who were to participate‘in the present study,
mainly because it meaSUresvgeneral problem solving attitnde, rather
than attitude toward nathematical problem solving. Therefore,

the author concluded that a scale suitable for use with elementary

school teachers would have to be constructed as a part of the

study.

The Construction of the Scale

The Likert method of summated ratings also was selected as

the format for the teacher mathematical problem solving attitude
scale. A developmental sequence nearly identical to that described-
previously for the student attitude scale was adopted"for the
consgtruction of the teacher scale. First, a pool of 70 items was
written; each item purportedly measured some aspect of an elementary
teacher's attitude toward mathematical problem solving. The pool

of student items served as a valuable source of ideas for writing

: . - o . ,
the teacher 1ltems. ,Many,of the statements were, in fact, similar

in content and wording to those wrltten for the student scale.

A complete list of the original 70 1tems is given in Appendix C
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Next, the list of items was submidted to ithe same panel of

P

reviewers who examined the student 1teds, and ﬁpey were asked to

react to the new set of items in.a manner similar to that used
i \
with the student items. Once again, any item thar was rejected

by at least two reviewers was discardeh.

" The five-part response format——really agree, égree, can't

3

decide, disagree, and really diéagreef—wes used on Ehe teacher
f \ .

scale. The developmental sequence noted above yieldqq”a 50-item

pilot scale. A copy of that scale is given in Appendix C.

!
i

The Pilot Test

A pilot version of the teacher mathematical problem éoiving

1

attitude scale was administered by the author to 28 elementary

. - : |
school teachers. Eighteen of the teachers were enrolled in

!

graduate courses in the Department of Curriculum and Instruction
|

at the University of'Wisconsin—Madison. The remaining 10 teachers
were membersvof the faculty at an elementéry‘school in Medison;

Wisconsin. Test administration time was approximately 2@ minutes,

il
i

and no problems Were observed with the directions glven or with
\

teacher response to ithe scale. After the scales had beed collected,
the teachers were encouraged to discuss their reactions to the
scale with the author. Several teachers commented on the:similarity

of content of some items; others noted that the 'really agree—to-

|
|

really disgree" response format did not seem appropriate for

several of the items. ' ' k
1

1
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The Item Analysis

A five-point coding scheme was adopted for coding .ach response
on the teacher scale so tﬁat the maximum possible score was 250, in-
dicative of a "very favorable" attitude toward mathematical problem
solving. A score of 150 indicated a "neutral' attitude, while a
score of §O meant a "'very unfavorable” attiCQde; varying degrees of
"favorableness" or "unfavorableness' were represented by intermediate
scores. Mean total score response for the pilot sample was 181.5.

Tﬂe iTEMPACK program (Campbell & Bohrnstedt) at the University of
Wisconsin Academic Computing Center was utilized once again, and
an item analysis was performgd on the scale.  The internal consistency

reliability (Cronbach, 1951) of the teacher scale was found to be .96,

with standard error of measurement of 5.71. This high level of internal

' consistency reliability was not surprising, as many statements were

- merely negations of others. The Cureton (1966) corrected item-to-total

correlations for individual items on the scale indicated that items
25, 28, 31, and 44 had very low positive correlations; they were
eliminated from the scale. A close examination of the remaining 46

items showed that many were similar in content. Furthermore, several

‘were closely related to a category which might be termed ''reactions

to the teachinglof problem solving.

the teacher scale than had been

A set of.15 additional items
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to those activities related to the teaéhing of various problem solving
skills and processes. The items were submitted to the panel of
reviewers for their examination. Iﬁ addition, it was decided to

use a second response format--always, usually, sometimes, seldom,

never——with some items on the scale.

The Revised Teachgr Scale
The developmental sequence outlined above resulted in a revised
- 40-item teacher mathematical probleﬁ solving attitude scale. A copy
of thé scale is included in Appegdix b. Thirty-one of the pilo% b
- scale items were used. Nine items were included which dealt with
- the teaching of S?bblem solving skills and processes. The total
scale is designed to provide a composite measﬁre of several variables
which reflect an elémentary school teacher's at;itude toward mathe-

matical problem solving.

Concluding Remarks

This gpap;er has described the three instruments used in the
present'study. The mathematical problem solving test was developed
by Rombérg and Wearne (Wearne, in preparation). The student and ‘
teacher mathematical problem solving attitude scales were cqpé(i::6ed
by the author, and their development has been described in ‘some

detail. With the availability of instruments desig éé to measure

the three main variables of interest in the .study, the questions
of the study could then be investigated. The next chaptef discusses

the conduct of the study.




Chapter 5

THE CONDUCT OF THE STUDY

The design of this sggdyfofffﬁe relationships between
certain néncogniﬁiye*fﬁggérs and the mathematical problem solving
performangg/d?fgéurth—grade children was reported in Chapter 3,
aqg/fHQKACvelopment of the three instruments used in the study

was discussed in the last chapter. Thé sthdy was conducted
acco;ding to the plans aé desc;ibed in Chapter é: However,
beéause the study was conducted in schools, not in a laboratory
setting, certain modifications in the original pians were ne-
cess{tated. The purpose of this chapter is to describe the
details of the conduct of the study and tc delineate the
modifications in plans which were necessary. ’As noted in
Chapter 3 and illustrated in Figure 3.1, the study was conducted

in two parts with two different samples. The conduct of Part 1

is discussed fLrst.

Part 1 of the Study

Chapters 1 and 3 described Questions 1-5 of this study.
Part T was designed to answer those questions. The sample
and the details of the procedures for this part of the study

‘are described below.

70
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The Sample

The subjects in the sample for Part I of the study were 30
fourth-grade teachers and their fourth-grade mathematics classes.
Fifteen of the teachers and their students were participants

in the large-scale field test of the Developing Mathematical

Processes (DMP) program for at least one year prior to the 1975-76
school year. In addition, they were using the commercial fourth—.
grade DMP matgrials during the 1975-76 school year; The 15 DMP
.teachers and their mathematics classés were in six schools in

two different school districts in southern Wisconsin. The re-
maining 15 fourth-grade teachers and theif students who partici-
pated in Part I of the study wefe in seven schools in two different
school districts in southern Wiscénsin.. These teachers and

students were not using the DMP program, but were using commercially

available mathematics textbook series. Some of the characteristics
of the sample are summarizgd‘in Table 5.1. 1In that table, Schools 1-6
represent the DMT sample, while Sc£ools 7-13 represent the non-DMP.
sample.

All of the sﬁudents participaﬁing in the study were enrolledv
in fourth-grade mathematics élasses. Their teaéhers were certi-
ficated elementary teachers with'varied educational training and
teaching experience. Each teacher held at least a bachelor's
degree, and seven had earned master's degrees. Years of teaching
experience rangedAfrom 2 to 35; mean number of years taught was

Z

L1.8.

&8




TABLE 5.1

CHARACTERISTICS OF THE SAMPLE FOR THE STUDY

School ' t ' 4 Grades No. of Classes School . -
No. Multiunit Enrollment Enrolled - Participating Setting

1 no 585 "~ K-6 3 suburban -
2 no 354 K-6 - 2 suburban
3 yes 417 K-6 2 suburban
4 yes 4 251 K-6 2 suburban
5 no 370 3-5 4 suburban
. 6 no 382 K-5 2 rural
7 no 206 K-7 1 suburban
8 yes 697 - K-6 4 suburban
9 yes 535 K-6 3 suburban
19 yes 159 K-6 1 rural
11 yes | 611 K-6 4 suburban
12 yes 160 K-6 | 1 rural
13 yes 177 . K-6 1 rural
The Procedures— -
During the second week of December, 1975, the three instruments -

of the study were administered to the DMP students and teachers

participating in Part I of the study. All tests were administered

by the author or by a testing specialist from the University of
Wisconsin Research and Development Center. The testing was carried
out In the classrooms of the participating schools on two different

days.

&9
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The mathematical problem solving test was administered on the
first day. Each group of students was given 45 minutes to respond
‘to the 22 three-part items on the test; some students were unable
to complete all the items in the time allotted. Two days later
the mathematical probiem éolVing attitude scale was administered
to the students; administration time was 20 minuFes. While students
responded to the attitude scale,‘their teacheré responded to the
teacher mathematical problem:solving attitude scale; responée time-
for teachers was appoximately 15 minutes. Both studen;s and
teachers were given sufficient t;me to respond to all items on
the attitude scales.

The author had hoped to conduct the non-DMP testing immediately
following that done with Fhe D;P sample. However, the DMP testing
was completed about one week prior to, the start of the Christmas
hoiiday period.for the schools in southern Wisconsin. Consequently,
the author and the principals of the pafticipating non-DMP schools
decide& to‘aelay the testing‘with those students and teachers until
after the holiday period. The resumption of the testing schedule
immediately after the holiday period also was judged unwise.
Therefore, the‘non-DMP testing was begun during the second Qeek
of January, 1976. The same procedures were followed with the
non-DMP sample as weré used with the DMP sample{  The mathematical
problem solving test was given on tﬁ; first of two testing days in

each school. 1In four of the schools, the mathenatical problem
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solving attitude scales were administered two days later. However,
because of scheduling difficultiés in three schools, the attitude
scales could not be given until four days later; The testing of
non-DMP students and teacher; was completed early in the fourth week
of January. The time difference in testing of the DMP and non-DMP
groups was noted, but was not considered serious, since the periods
immediately prior to and immediately following a long holiday
vacation typically are not regarded as effective instructionai
periods. -

As noted previously the study was designed to Be conducted
in two paFts. This section has described Part I. The next section

describes Part 1I.

Part II of the Study

The sccond part of the study was directed at Questions 6 and 7
as posed in Chapters 1 and 3. Ensuing paragraphs of this section

describe the sample and the procedures for this part of the study.

The Sample

‘The subjects in the sample for Part II were to be the 15
fourth-giade teachers and their mathematics students from the
DMP sample'of Part I. Unfortunately, in the duration between
the first and second testing periods, one of the participating
teachers resigned. Therefore, the second part of the study was

cenducted with 14 teachérs and their students, instead of 15,

9]
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as originally planned. The non-DMP teachers and students did not

.participate in the gecond part of the study.

The Procedures

"As described in Chapter 3, the second part of the study‘
involved two different testing periods (Time 1 and Time 2):%;th
an interveniég "treatment" period. The first testing period
has been described previously. The second testing period commenced
during the second week of March, 1976. Scheduling difficulties
and an intervening school vacation period prohibited the com;
pletion-of the seqond round of testing before the last week of
March, 1976.

The testing at Time 2 was conducted in the classrooms of tﬁe
participating sghools and occurred on two different school days.
Tests were administered by the ahghor and the testing specialist
who had assisted with the testing at Time 1. The mathematical
problem solving test was administered on the first day; this test
was an alternate version of that used at Time 1. The basic design
of the tes; was identical to that used earlier; however, each of
the 22 items on the second version ﬁad a multiple-choice format.

A copy of this second problem solving test is given in Appenaix B.
Administration time for the mathema:{cal problem solving test was
45 minutes, and some students were unable to complete the test in

the time allotted.
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The mathematical problem solving attitude scales were admin-
isﬁered to the students and teachers one day after the administration
of the mathematical problem solving test. Scheduling difficulties
hindered the allowance of two days between testing times as had
been done at Time 1; this slight variation in testing times was
not considered serious. The second problem solving attitude scales
contained items identical to those used atviime 1; however, for
this administration, the items on each scale had been.regiéhddmized.
Copies of the second sﬁudent and teacher mathematical problem
solving attitude scales are given in Appendix D. Administrétion
“times were 20 minutes for the student attitude scale and 15 minutes
for the teacher scale. Subjects had amplé time to respond to all
items.

The intervening "treatment" period between Time 1 and Time 2
lasted approximately 12 weeks. The duration could not be controlled
precisely because of the difficulties associated with scheduling
convenientltésting times for 14 classes in six different schools in
two different schooljdistricts. The '"treatment" itself consisted
of a courge of study selected from the regular DMP seqﬁence of
topics for fourth grade. The only restriction placed on the "treat-
ment " wﬁé that teachgrs were to select at least one topic from the

problem solving strand of the DMP program; the remaining topics

were selected from the other content strands (see Appendix A).
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Prior to the testing at Time 1 al}-Classes had covered the DMP

topics through Topic 52, Investigating DBroblems; all but two classes

had covered two additional topics, notably Topics 53 and 54. Without
exception, the topic from the DMP problem solving strand which

teachers elected to cover during the "treatmént" period was Topic 57,

The Numbers 0-999,999. The number of additional topics completed
during the "treatment' period ranged from two topics in two of
the classes to five topics in five of the classes. Mean number

of topics completed was 3.7. All but two classes completed Topic 55,

Representing,Common Fractions.

’Monitoring visits were e made to four of the paffIFTﬁ_fiﬁg
schools during the "y reatment' period to be certain that the DMP
topics wefe actually being taught as requested. These visits were
made by a mathematics learning specialist in thae school district.
This petfson was a trained DMP Coordinator (see Montgomery & Whitaker,
1975) and was knowledgeable of both DMP content and DMP methodology.
Monitoring visits to the remaining two schools were deemed unnecessary
as the author had worked closely with the teachers inAthose schools ‘
during the preceding school year and‘was confident of the teachers'

ability to teach the DMP topics as requested.

Concluding Remarks

This chapter has summarized the conduct of the study. Because
the setting for the study was in schools and not in a laboratory,

some changes In the original plans were mandated. However, these

34




changes were not major, and the basic design of the study was un-

-altered from the time of its conception through its conduct. The
data gathered according to the details described in this chapter
were analyzed according to plans described in Chapter 3. The next

chapter discusses the analysis and interpretation of the data.




Chapter 6

s ANALYSIS ANDXINTERPRETATION OF THE DATA

N
]
Previous chapters of this paper have described the details of

ﬁée present investigation up to and including the conduct of the

* 3 f

N
szudy. The purpose of this chapter 1is to discuss the analysis and

inte;pretation of the data gathered according to the procedures
described in Chapter 5. As noted earlier, the study was conducted
in two parts. To facilitate.the discussion, this;chapter also is
organized in two parts and begins with the analyéis and inter-
pretation of the data which were gathered to answer the questions

of Part I of the study.

Analysis and Interpretation of the Data for Part I

Five main questions served as the foci around which the first
part of the study was conducted and the data were analyzed. Each
of those questions and its related ancillary questions are repeated

here; following each is a presentation and discussion of the data

pertaining to that question.

Data for Que8tion 1

The first question of the study was: Do fourth-grade students

have favorable attitudes toward problem solving? 1In order to answer
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this question, a mathematical problem solving attitude scale was
administe;ed to students in 30 fourth-grade mathematics classeé
in 13 Wisconsin schools.

The student mathematical préblém solving attitude scale con-
sisté of 36 items with Likert format. The scale has tw0upérts,
Part T has 12 items designed to provide an "informal' measure of
attitude. Part II consists of 24 items designed to provide a "formal"
and more specific measure of the attitude. The tptal scale, then,
provides a composite measure of a number of variables which in-
fluence a fourth-grade ;tudent;s attitude toward mathematical
problem solving. A copy of the scale is included in Appendix D.

for scoring the student mathematical problem solving attitude
scale, item responses of each student are coded on a five-point scale
ranging from a score of 5 for thehmost favorable response to 1 for
‘the most unfavorable respoﬁse. Table 6.1 summarizes the scoring
for each part of the scale and -the total scale. A total scale
score of 180 represents the most.favorable attitude toward problem
solving, a score of 108 signifies a neutral attitude, and a score
of 36 represents ?ﬁg\most unfavorable attitude; varying degrees of
favorablenesé or unfavorableness are represented by intermediate
scores. As a measure of students' reactions to general types of
mathematics problems, Part [‘;f the scale allows scores ranging
from 60 for most favorablg to 12 for most unfavorable, with a
score of 36 representing a neutral attitude. Part IT of the

seale nssesses students' reactions to specific problem situations
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TABLE 6.1

SCORING FOR THE STUDENT MATHEMATICAL
PROBLEM SOLVING ATTITUDE SCALE

Nature of Part I Part II Total

Attitude Score Score Score
Most Unfavorable 12 24 - 36
Unfavorable 24 48 72
Neutral ‘ 36 | 72 108
Favorable 48 ' 96 1la4
Most Favorable ; - 60 120 | 180

and problem solving techniques and permits scores rahging from
120 for most favorable to 24 for most unfavorable, with a score
of 72 indicating a neutral attitude.

Table 6.2 gives a summary of the mathematical problem
solving attitude scores for the 619 students Wwho responded to
,the-scéle, As indicated in the table, the attitude scores of
the fourth—grade students in the sample ranged from unfavorable

to very favorable on each of the two parts of the scale and on
ach b

- .
= -

the total scale. A compariébn of the reported mean scores with
the scoring summary in Table 6.1 indicates that each mean score
lies in the interval between a neutral attitude toward mathematical

problem solving and a favorable attitude toward mathematical
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‘"TABLE 6.2

MATHEMATICAL PROBLEM SOLVING ATTITUDE SCORES
OF STUDENTS IN SAMPLE POPULATION (N = 619)

Scale Part Minimum Maximum " Mean St. Dev.
I (Informal) 12.0 60.0 ' 43.7 8.4

11 (Formal) 38.0 116.0 ©85.9 12.9

Total (Compositc) 52.0 176.0 129.6 18.9

probleﬁ solving. However, each mean score is closer to that indicating
a favorablé attitude than to that indicating a neutral attitude. Thus,
the fourth-grade students in the sample seemed to possess favorable
attitudes toward mathematical problem solving as reflectec by the
scores on the attitude scale used in the study.

Following the administration of the student mathematical problem
solving attitude scale an item analysis was performed on Part I,
Part 11, and the total scale by using the ITEMPACK Program (Campbell &
Bohrnstedt) at the University of Wisconsin Academic Computing Center.
Cronbach's'Alpha (Cronba:h, 1951), a measure of the intemal con-

sistency reliability of an instrument, was computed for each part
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of the scale. For Part I, the reliability coefficient was .85; for
Part II it was .82; the total scale reliability coefficient was .88.
These reliability estimates were judged to be quite satisfactory.
Complete results of the item analysis, including the Cureton (1966)
item-to-total correlations, are given in Appendix E.

Nunnally (1967) has observed that, for instruments which assess
verbalized attitude, content validity is the major issue; further-
more, he maintains that content validity may be inferred if an
instrument is developed using a representative collection of items
and if a sensible method of conmstruction is followed. Both of

these criteria were met for the student mathematical problem solving

attitude scale; the careful development of the scale was described

in detail in Chapter 4. Another type of validity is face validity,
that is, a judgment regarding whether an instEument appears to
measure what it purports to measure (Sax, 1974). The face vgiidity
of the student scale was assured as a result of the review by a
panel of judges as descriBed in Chapter 4. Other forms of validity,
such as concurrent or construct validity are best established
through repeated use of the instrument in conjunction with other
instruments designed to measure the same or similar traits.

one of the two ancillary queries related to ngstion 1 of the
study was the following: Do differences in attitude toward

problem solving exist if students are classified by sex? The

second ancillary query was: Do differences in attitude toward
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problem solving exist if students are classified by mathematics
program type: DMP v§r3us non-DMP? 1In an effort to answer these
questions, sex-by-program type analyses of variance were performed
on the student attitudinal data. Tables 6.3 through 6.7 summarize
the results of the analyses of variance. Table 6.3 shows the
problem solving attitude scores of students categorized by sex,
and the scores categorized by program type .are given in Table 6.4,
The ANOVAs for Part I, Part II, and Total attitude scores are
shown in Tables 6.5, 6.6, and 6.7, respectively. As indicated in
Table 6.3, mean attitude score for boys was slightly higher than
thaﬁ for girls on Part I of the scale, while for Part II, the
girls' mean score was slightly higher than that of the boys. On
the total scale, the mean total score for girls was again slightly
higher than that of the boys, although boys had higher minimum
and maximum scores than did the girls. According to the ANOVAs
in Tables 6.5, 6.6, and 6.7, none of the indicated differences
was significant at the .05 level.

As noted previously in this paper, 15 of the 30 classes in
the study were using the Developing Mathematical Processes (DMP)
curriculum materials; the femaining 15 were not. Table 6.4
shows that when the mathematical problem solving attitude scores
of students were categorized by program type, the mean scores of
the non-DMP sample were slightly higher than those of the DMP

sample for each of the two parts of the scale and for the total
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TABLE 6.3

MATHEMATICAL PROBLEM SOLVING ATTITUDE SCORES OF STUDENTS
CATEGORIZED BY SEX (N = 619)

Boys (N = 334) Girls (N = 285)
Scale Part
- Min./Max. , Mean S. D. Min/Max Mean S. D.
R I (Informal) 12/60 44 .0 8.5 14/60 43.4 8.3
II (Formal) 42/116 . 85.4 12.6 38/116 86.5 13.1
Total 58/176 129.4 18.6 52/172 129.9 19.2
. *
TABLE 6.4 .

MATHEMATICAL PROBLEM SOLVING ATTITUDE SCORES OF STUDENTS
CATEGORIZED BY PROGRAM TYPE: DMP VERSUS NON-DMP (N'= 619)

DMP (N = 324) non-DMP (N = 295)
Scale Part
Min./Max. Mean S. D. Min./Max. Mean S. D.
- I (Informal) "19/60 43.0 7.9 12/60 44 5% 8.8
I1 (Formal) 45/116 85.7 12.6 38/114 86.2 13.2
Total 69/176 128.6 18.9 52/172 130.7 19.2

*significant at p < .05

-
<
oo




TABLE 6.5

ANOVA FOR PART I ATTITUDE

86

Source df MS F p <
Sex 1 29.19 .42 .5174
Program Type 1 - 411.33 5.91 .0153
Sex X Program Type 1 445.47 6.40 .0117
Error 615 69.59

TABLE 6.6
ANOVA FOR PART II ATTITUDE

Source df MS r p < -
Sex 1 220.79 1.34 .2483
Program Type 1 76.96 .47 .4953
Sex X Program Type 1 462.16 2.80 . 0950
Eq‘Pr 615 165.33

03
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TABLE 6.7

ANOVA FOR TOTAL ATTITUDE

Source / df MS F p <
Sex 1 89.41 .25 .6152
Program Type 1 844.13 2.39 .1228
Sex X Program Type 1 1815.11 5.13 .0238
Error 615 353.57

scale. As indicated by the ANOVAs in Tables 6.5., 6.6, and 6.7,

the differences in mean response were significant at p < .05 only
for Part I of the scale. Because of the small size of the dif-
ferences in mean scores, it would seem that little practical
significance’should be attached to these differences. 5
Table 6.8 presents thé mathematical problem solving attitude
scores of students categorized by sex within program type. _Mean
response of non-DMP girls was consistently higher than that of
the other three group; on each of the three scores. In the DMP

sample, the mean response of boys was higher than that of girls

on each of the three scores. As might be suspected from the

ANOVAs in Tables 6.5 and 6.7, there was a significant (p < .05)
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TABLE 6.8

- MATHEMATICAL PROBLEM SOLVING ATTITUDE SCORES OF STUDENTS
CATEGORIZED BY SEX WITHIN PROGRAM TYPE .
DMP non-DMP
Scale Part Boys (N=170) Girls (N=154) Boys (N=164) Girls (N=131)
I (Informal)
Mean 44.0 41.9 44.0 45.2
s.D. 7.8 7.9 9.2 8.3
I1 (Formal) TN
Mean 85.9 85.4 84.9 87.8
s.0.  12.1 13.2 13.2 13.0
Total
Mean 129.9 127.2 128.8 133.0
s.D. 17.9 19.2 - 19.3 18.9

sex-by-program type interaction for Part I and the Total scale scores|;

a similar interaction can be noted for the Part II scores, although;/
this interaction would be Bignificant only if the significance level :
were lowered to .10 (see Table 6.6.). Though interesting, these
interactions probably have little praétical significance except to

indicate that the two samples were, in some way, different; the

differences may result from the samples not having been randomly

chosen.
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Data for Question 2

The second question of the study was the following: Do fourth-.
grade teachers have favorable attitudes toward proBlem solving?

In an atfempt to answer this question, a teacher mathematical problem
solving attitude scale was administered to the teachers of the 30

- fqurth—grade mathematics classes involved in the first part of the
study.

The teacher mathematical problem solving attitude scale consists
of 40 items with Likert format. Thirty-one of the.items assess
teachers' reactions to types of mathematicé problems, problem
situations, and frustration or anxiety experienced when solving
problems. The remaining items assess feachers' feelings with
respect to the teaching of various problem solving skills and
processes. The total scale is designed to provide a composite
measure of several variables which reflect an elementary school
teacher's attitude toward mathematical problem gglving.

The scoring of the teacher scale is similar to that of the
student attitude scale. Item responses are coded on a five-point
scale, ranging from a score of 5 for the most favorable response
to<1 for the most unfavorable response. Table 6.9 presents a
summary of the scoring-for the teacher attitude scale. A total
gcale score of 200 represents the most favorable attitude toward
problem solving, a score of 120 signifies a neutral attiﬁude, and

a score of 40 indicates the most unfavorable attitude. Varying
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TABLE 6.9

SCORING FOR THE TEACHER MATHEMATICAL
PROBLEM SOLVING ATTITUDE SCALE

&

Nature of Attitude Score
Most Unfavorable " 40
Unfavorable 80
Neutral 120 -
Favorable ' - 160
Most Favorable 200

dégrees of favorableness or unfavorableness are represented by
intermedliate scores.

Table 6.10 pfesents information about the mathematiéal
proBlem solving attitude scores of the 30 teachers involved in
Part I of the st;dy. The attitudelscores of these foufth—grade
teachers ranged from what might be termed "slightly" favorable
to "very'" favorable, as evidenced by the minimum score of 134 and
the maximum recorded score of 175. The mean score for the gample

indicates that these teachers did possess favorable attitudes

o

[
toward mathematical problem solving as measured by the teacher

scale used in the study.
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" TABLE 6.10

MATHEMATICAL PROBLEM SOLVING ATTITUDE SCORES
OF TEACHERS IN SAMPLE (N = 30)

Min./Max. Mean St. Dev.

, ‘ 134/175 156.5 9.6

An ancillary queséion related to Question 2 was the following:
Do differences in attitude toward problem solving exist 1if teachers
are classified by type of mathematics program taught: DMP versus

non-DMP? The results of categorizing the problem solving attitude

scores of the teachers in the sample by program type are shown in

Table 6.11.

TABLE 6.11

MATHEMATICAL PROBLEM SOLVING ATTITUDE SCORES OF TEACHERS
CATEGORIZED BY TYPE OF PROGRAM TAUGHT: DMP VERSUS NON-DMP

Program Type Min./Max. Mean St. Dev.
DMP (N = 15) 141/175 158.9 9.4
Non-DMP (N = 15) 134/165 154. 1 9.6
\)‘ ‘ . ’ ‘
ERIC - 108
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The data reported in this table indicate that, though both groups af
teacheré had favorable attitudes toward problem solving, the attitudes
of the DMP teachers were sligﬁtly more favorab}e than those of the
non-DMP teachers. ﬁgﬁever,vit is obvious from\the data in Table 6.11
that the difference in:mean scores ig not significant.

-’Tﬁe ITEMPACK program (Camébéll &»Bohrnhtedt) was used to perform
an item analysis on the teachér mathemaﬁical_problem solving attitude
scale aftér its administration. The internal consistency reliability
(Cronbach, 1951) of the scale was found to be .80. Though the re-
liaEility estimate was somewhat lower than anticipated; it was judged
to be satisfactory, given the relatively small sample size (N = 30)

" on which the item analysis was based. A possible explanation for the
lower than expected reliability estimate can be attributed to the
. fact that six items on the scale had negative Cureton (1966) item-
to-total correlations. Mofe detailed results of the item analyéis
bfor the teacher scale are found in Appei.dix E. |
As noted in Chapter 4, the teacher mathematical probleﬁ solving
atgitude scale was developed according to the same plan as the
student attitude scale. Because of its careful development, content
validity and face validity of the scale may be inferred (Nunnally,
1967). Other types of validity, such as concurrent or construct
validity may be inferred for the instrument as it receives usér
with other populations in conjunction.with measures of the same

or similar traits.

O ‘ : ' 1L’9
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Data for Questf%% 3

The third question investigatéd in this study was: How do
fourth graders perform on a test of broblem solving performance
which provides measures of comprehension, application, and problem
solving? In order to answer this question, a matheméticél p&&%lem
<solving test developed by Romberg and Wéarne (see Wearne, in
preparation) was administered to the students in the 30 fou?kh—
grade mathematics classes participating in Part I of the §tudy.

The mathematical problem solving test was described iﬁ detail
‘in Chapte; 4. Each of the 22 three-part items on the test contains
a comprehension, an application, and a problem solvinguquestion.\
Thus, three separate Scores, rather than a single total score, are
‘reported for each child. Table 6.12 lists the Hoyt reliability
estimates for each of the parts of the problem solving test for
the DMP and non-DMP samples; total test reliabilities are also
includéd in the table. A complete discussion of the psychometric
properties of theégest can be found in Wearne (in preparation).

The results of the administration of thg mathematical problem
solving test are summarized in Table 6.13. The comprehension items‘y
on the test assess a child's understanding of information presenged

either explicitly or implicitly in the item stem. As Table 6.13

indicates, the mean number of comprehension items solved correctly

by the students in the fourth-grade sample was 15.00. The application

items on the tests involve fairly straightforward applications of a

—
-
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TABIE 6.12

HOYT RELIABILITIES OF MATHEMATICAL PROBLEM SOLVING TEST
FOR DMP AND NON-DMP SAMPLES

Items Number of Reliability Standard
: Items . Error
Comprehension 22 .63 . 1.9
DMP - Application 22 ' .71 2.0
Problem Solving 22 . 60 1.6
" ‘Total Test 66 .84 3.2
Comprehension 22 74 1.9
NON- Application 22 : .79 - . 1.9
DMP ’ b
Problem Solving 22 .64 1.5
Total Test 66 .89 _ 3.1
TABLE 6.13
MATHEMATICAL PROBLEM SOLVING PERFORMANCE SCORES
OF STUDENTS (N = 611)
Number
Items of Items Min./Max. Mean St. Dev.
Comprehension 22 2/22 15.00 3.5
Application 22 1/20 9.50 3.9
Problem Solving 22 ©0/15 3.19 2.5
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rule or concept to a situation. The mean number of application items

solved correctly was 9.50. Each of the .problem solving items on the
test presents a situation which involves other than a routine applica-

tion of some principle; and so, neither the solution nor the method

~ of solution is readily apparent. The mean number of éroblem solving

items correctly solved by the fourth graders in the sample was 3.19.
The dec?é&ﬁ? in mean number of problems solved correctly for each

of the £y5§s 1isted in Table 6.13 is not surprising, but, rather

is to be expected since each application item ig more difficult than
its preceding comprehension item, and each problem solving item is
more difficult than its preceding applicetioﬁ item.

One of the ancillary queries related to Question 3 of the étudy
was the following: Do differences in problem solving performance
exist when students are classified by sex? [The second ancillary
query was: Do differences in problem solving performance exist when
stueehts are classified by mathematics program type: DMP versus
non-DMP? In an attempt to answer these two questions, sex-by-
program type analyses of variance were performed on the student
cemprehension, application, and problem solving data. Tables 6.14
to 6.18'summarize the results of this phase of the data anelyses.
Table 6.14 gives the problem solving scores of students categorized
by sex, and the problem solving scores of students categorized by
progiam type are shown in Table 6.15.‘ The re5u1ts of the ANOVA
for the eemprehension, the application, and the problem solving

scores dre shown in Tables 6.16, 6.17, and 6.18, respectively.
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TABLE 6.14

RES OF STUDENTS

MATHEMATICAL PROBLEM SOLVING SCO
CATEGORIZED BY SEX

Girls (W=280)

Boys (N=331)

Min./Max.

Items Min,/Max.
Comprehension 4/22
Application 2/20

Problem Solving 0/15




TABLE 6,15

MATHEMATICAL PROBLEM SOLVING SCORES OF STUDENTS
CATEGORIZED BY PROGRAM TYPE

OMP (N=316) Non-DMP (N=295)

Min./Max. Mean = St. Dev. Min./Max Mean  St. Dev.

Comprehension - 7/22 15.52% 3.1 2/22 14.46 3.8

Application 2420 9.99% 3.6 1/19 8.95 4.2

\

Problem Solving 0/15 3.27 2.4 0/15 3.11 2.5

e et st b g

* Significant at p < .01




TABLE 6.16 98

ANOVA FOR COMPREHENSION SCORES

Source df MS F p <
Sex B 29.93 2.55 L1111
Program Type 1 152.17 12.95 .0003
Sex X Program Type 1 45.91 3.91 .0486
Error . 607 11.75

TABLE 6.17
ANOVA FOR APPLICATION SCORES

Source df MS . F p <
Sex - 1 1.79 .12 .7301
Program Type 1 151.53 10.06 .0016
Sex X Program Type 1 52.87, 3.51 .0615
Error ‘ 607 15.06

TABLE 6.18

ANOVA FORVPROBLEM SOLVING SCORES

Source df MS F p <
Sex 1 4.44 .72 .3975
Program Type 1 o 3.77 .61 .4353
Sex X Program Type 1 1.90 .31 .5799
Error ‘ 607 6.19
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Table 6.14 shows that the mean comprehension SCore‘for girls was
higher than that for boys, but, as evidenced by the ANOVA for
comprehensioﬂ in Table 6.16. this difference was not significant
at tHe .05 level. Table 6.14 also indicates that boys' mean
application and pfoblem solving scores were higher than those of
the girls in thg sample, but the differences in perférmance were
not significant (see Tables 6.17 and 6.18).

When the mathematical problem solving scores of students were
categorized by program type (Table 6.15) DMP students' performance
was better than that of the non-DMP students on each paft of the
problém solving test. The ANOVAs in Tables 6.16, 6.17,and 6.18
indicate that the differences in performance were significant at
the .01 level.for compfehension’and application scores, but were
not significantly different for problem solving scores at this
or the .05 level.

Table 6.i9 presents the problem solving scores of students
categorized by sex within program type. Mean performance of DMP
boys was consistently higher than that of DMP girls on each of the
three parts of the test. On the other hand, in the non-DMP samﬁle,
‘the mean performance of girls was higher than that of boys on
comprehension and application, but the mean problem solving score
of boys was higher than that of girls. Table 6.16 shows that there

was a significant (p < .05) sex-by-program type interaction for the




TABLE 6.19

MATHEMATICAL PROBLEM SOLVING SCORES OF STUDENTS
CATEGORIZED BY SEX WITHIN PROGRAM TYPE

DMP : ) Non-DMP
Items Boys (N=168) Girls (N=148) Boys (N=163) Girls (N=132)
Comprehension
Mean 15.57 15.46 14.01 15.01
St. Dev. , 3.2 3.1 3.9 3.5
Application
Mean 10.32 9.62. 8.73 9.21
St. Dev. 3.7 ' 3.5 4.1 4.2
Problem Solving -
Mean 3.41 3.12 3.14 3.08
St. Dev. 2.7 2.1 2.7 2.4
117 =
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comprehension resul’ts and a similar interaction approaching
significance (p < .06) for the application results. No such

interaction was apparent with respect to the problem solving scores.

Data for Question 4

The fourth question of the study was as follows: What is the
relationship between fourth-grade students' attitudes toward problem

solving and their per formance in' problem solving? The DSTAT2 program

(Wetterstrand, Learn, & Wolfe, 1973) at the University of Wisconsin

Academic Computing Center was used to calculate several correlation
matrices in an effort to answer this question and its ancillary
queries. The DSTATZ program computes a covariance matrix between

two variables using the following computational formula:

-

v

m 1 - X))
1) N-1 4 3T

N
Zl (Xni B xi)(*nj 3

In this formula mij represents the i, jth clement in the matrix.
This covariance matrix is then used to compute a product momunt
correlation matrix with i,jth element according to the following
formula:
m, .
. LT ———il'f:
J vm,.m,
. 11747
The program utilizes a bivariate subsample method for missing data;

each subsample consists of data pairs in which the data values for

both variables in the pair are present.

-~
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Another option of the DSTAT2 program is the use of a transforma-
tion recommended by Hayes (1973) for testing the significance of a ,
given correlation coefficient. This algorithm is Fisher's Z-trans-

formation and is defined by the following formula:

Y ' 1+
z K = ; 3. log —Jk
b 2 e\ 1l- Tk .

Corresponding to each value of ij is a significance test probability

which is the probability that a unit normal variate is greater than

Z. If the test probability is less than a given level of sign-

Jk|'
ificance, then the corresponding correlation is significantly different
from zero at the given significance level. The‘Fisher Z-transformation
was used as a test of significance for the corfelationkcoefficients

in the present study.

The correlation matrix for students' mathematical problem solving
attitude and performance scores is presented in Table 6.20. Correlations
between the three student attitude scores and the three problem solving
scores are shown in the table. Significant positive cgrrelaqions
(p < .0l) exist between each of the attitude scores and each of the
problem solving scores. Aside from the strong intercorrelations

which exist between the various parts of each instrument, the strongest

correlations are found between students' Part II attitude scores and

" and their comprehension, application, and problem solving scores.

Part II of the attitude scale assesses students' reactions to such
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TABLE- 6,20

' CORREIATION MATRIX FOR STUDENTS' MATHEMATICAL PROBLEM SOLVING
ATTITUDES AND MATHEMATICAL PROBLEM SOLVING PERFORMANCE

(N = 579)
Att. I Actt. II thal Comp. Appl. Prob. S.
i tt. _
Att. I 1.00
Att. 1T .55% 1.00
Total Att. .82% 93%  1.00
Comp . L 12% o .21% 1.00
Appl. .15% 31% 27%  .69%  1.00
Prob. S. .15% . 25% L23%  49% 69%  1.00

*significant at p < .0l

things as problem solving techniques or problem situations, and to
the frustration or anxiety experienced when confronted‘zith various
problem solviﬁg'situations.

One ofvthe ancillary queries related to Question 4 of the study‘
was: Do differences in this relationship (between attitudesétoward
problem solving and performance in problem solving) exist if students

2z

are classified by sex? Table 6,21 summarizes theé correlations be-

tween studept attitude and problem solving scores classified by sex.

As evidenced by the data in the table, significant positive
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TABLE 6.21

CORRELATIONS BETWEEN STUDENT ATTITUDE SCORES AND STUDENT PROBLEM
SOLVING SCORES CLASSIFIED BY SEX

_ Attitude
Problem Solving
Items Part 1 Part. Il Total

Comprehension L11%% . 33%% T L 27%%
Boys -

Application S17%% .36%% . 32%%
(N=312)

Problem Solving .15%% 27%% . 25%%

Comprehension L13% .12% . 14%
Girls , . :

Application \ .12% C24%% L21%%
(N=267)

Problem Solving . 15% . 23%% L 22%%

*fsiénificant at p < .05
** gjgnificant at p < .01

correlations exist, for both boys and girls, between each of the attitude
scores and each of the problem solving scores. Though all correlations
for the boys' data are significant at the .01 level, some correlations

in the girls' data are s}gnificant only at the .05 level. The
correlations between boys' Part II and Total attitude scofes and each

of their problem solving test scores are clearly higher than tﬁose of

the girls for corresponding scores. However, the correlation between

girls'-Part I attitude scores and their comprehension scores is higher

| 121
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than that of> the boys; the girls"corrélation is cignificant only at
the .05 level, while that for the boys is significant at the .01
level. - This seeﬁing"inconsistency in significance levels can be
explained because there were fewer girls than boys in the sample,
and the Fisher Z—trgpéformatioﬁ used for the significance test is
. ' ) dependent upon the number of subjects in tﬁe samplé.'

The second ancillary query for Question 4 was the following:
Do differences in this relationship (between attitudes toward problem
solying and pefformance in problem solving) exist if students are
classified by mathematics program type: DMP versus‘non—DMP? The

correlations between student attitude and problem solving scores

classified by program type are shown in Table 6,22. As the table

indicates, all correlations are positive. However, those -for the

non-DMP sample are all significant at the .01 level and are clearly‘
stronger than those of the DMP sample. Only four of the correlations
were significant at the .01 level for the DMP sample, and very weak
relationships are shown between Part I and Total attitude scores

and the comprehension scores for the DMP sample.

Exploratory Analyses for Question 4

As a result of the rather weak relationships found between DMP

student problem solving attitude and performance (see Table 6,22),

additional data analyses were undertaken to explore those relation-

ships. In an analysis of the psychometric characteristics of the
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TABLE 6.22
“CORRELATIONS BETWEEN STUDENT ATTITUDE SCORES AND STUDENT
PROBLEM SOLVING SCORES GLASSIFIED BY PROGRAM TYPE
Problem SolVing ’ Atgitude
. Test . Part I Part II Total"
' . Comprehension .03 2% .09
DMP , . : :
) Application ‘ .11 L17%% . 16%%
(N=302) Problem Solving .12% L16%% . 16**
. Comprehension S21%% .35%% . 34%%
‘ non-~DMP . ..
. Application ) . 20%% (43%% < 39%%.
(N=277) ’ . ,
* Problem Solving 18%* L34%% L31%%

* gignificant at p < .05

*% gignificant at p < .0l

mathematical problem solving test;'Wearne (in preparation) performed
a cluster analysis on the DMP problem solving test results obtained .
in the present study. Using Ward's cluster analysis procedure (see

Johnson, 1967), four clusters of students were identified. Two of

those clusters were of interest for the exploratory analyses described

here. The_flrst cluster included 15 students who had shown high
performance on tbe problem solvingvtest; the mean scores for those
students. are shown in Table 6.23. The second cluster included 91
students who had demonstrated low performance on. the problem solving

.

test, their mean scores are also shown in Table 6. 23
1

/ S
S E5
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[+]
- TABLE 6.23 ~
MATHEMATICAL PROBLEM SOLVING SCORES OF STUDENTS
IN HIGH (N=15) AND LOW (N=91) CLUSTERS
£
Cluster Items Mean. Standard Deviation
* Comprehension 19.46 1.9 .
High Application 16.92 1.8
Problem Solving 10.07 1.9
Comprehension 11.93 2.1
Low Application 6.27 1.7

Problem Solving 1.59 1.1

The high cluster and the low cluster were utilized because it
was félt that the problem solving attitudes of the students in those
clusters might be more'predictable than those in the other two
clusters; that is, one would expect good problem solvers to have
favorable attitudes toward problem solving and poor problem solvers
to possess less thanlfavorable attitudes toward problem solving.

As indicated in Table 6,24, those conjectures were indeed borne out

by the data for the high and low problem solving clusters. Students"
Amean ‘total attitude score’in the high cluster was approximately 13

points above the medn score for the DMP sample (see Table 6 4).

i
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TABLE 6,24

MATHEMATICAL PROBLEM SOLVING ATTITUDE ‘SCORES OF
STUDENTS IN HIGH (N=13) AND LOW (N=82) CLUSTERS

Scale Standard
Mea :

Cluster Part " Deviation
I (Informal) 47.8 " 8.5
High 11 (Formal) 193.8 10.4
Total 141.6 - 16.5
I (Informal) 42.7 7.3
Low . I1 (Formal) ' 84.5 10.2

Total 127.2 14.5

The mean total attitude score of students in the low clusteQ waé ,
about two points below the mean for all DMP students‘in the sample.
Product moment correlations were aiso computed between student
attitude scores and student problem solving scores within the high
and low clusters. These are given in Table 6.25, within the low

cluster correlations were weak and rather inconsistent; for: students

who are poor problem solvers this result is, perhaps, not—éurprising.

‘Within the high cluster,fthe‘correlations betweén»attitude scores

“and comprehension scores were negative; on the other hand, for the

k! |
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TABLE 6,25

CORRELATIONS BETWEEN STUDENT ATTITUDE SCORES 4AND STUDENT PROBLEM
: SOLVING. SCORES WITHIN HIGH AND LOW CLUSTERS:

Problem Solving Attitude
Cluster I
tems
: Part 1 Part II  Total
Comprehension -.15 -.38, -.32
High Application. .36 . .16 .28
Problem Solving .32 .24 .32
Comprehension -.19 -.01 -.10
¥ Low ' Application .15 .11 .15
b

Y . ' Problem Solving .10 .01 .05

|

ﬂpplication and problem solving scores, the correlations were positive

Jnd somewhat stable. The results for the high cluster seem to in-
|

dicate a negative relationship between attitude scores and scores on
those problem solving items which good problem solvers might not find
particularly interesting; however, for the items that better problem

solvers might find intriguing, there were stronger correlations

1
i

between attitude and performance
1' The results of the additional analyses performed with the DMP
\ :

sapple suggest that, with groups of students for whom there are

marked differences in problem solving performance, there are also

126




differences in problem solving attitude. These results seem to
indicate that, at least for this sample, differences in problem
solving attitude may be dependent upon who the students are,

that ié, whether good, poor, or other types of problem sqlvers. .
The results also suggest‘thét the relationships between problem’
solving attitude and perfofmance may vary according to the caliber

of students' problem solving performance.
P , 1

Data for Question 5

The fifth question of the study was the following: What is
the relationship betweeﬁ fourth-grade teachers' attitudes towafd
problem solving and their students' performance in problem solving?

2 In.or@er to answer-this question, mean studept scores were calculated
E& class for'gach of the three parts of the problem solving test.
Table 6.26 summarizes the teacher attitude scores‘and the mean
student problem sélving scores by class. In an effort to determine
the relationship between the teacher scores and the mean student
scores, product mdment correlations were computed. Those correlations
Are presented in Table 6.27. For the fourth-grade clagses involved
in the preseqF study, very weak and non—significént neggtiveire—
1ationships'existed between teéachers' problem solving attitudes
and their students’ mean problem solving perfornance on each of

the three parts of the mathematical brbblem solving test.

1
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TABLE 6.26 .

TEACHER ATTITUDE SCORES AND MEAN STUDENT
\PROBLEM SOLVING SCORES BY CLASS

/

Class Class Teacher Mean Student Scores
No. Size Attitude Compre- Appli- Problem
Score . . .
_hension cation Solving
1 24 159 13.08 8.33 2.46
2 19 149 16.32 12.58 5.11
3 25 170 13.84 8.32 2.12
4 11 141 18.55 13.64 4.73
5 26 160 15.35 . 9.42 2.85
6 27 175 = 14.67 8.63 2.63
7 9 164 17.11 13.67 5.78
8 12 156 16.83 12.17 4.67
9 21 145 "16.00 . 9.71 3.38
10 20 158 14.90 8.80 2.90
11 21 167 15.95 10.33 3.76
12 24 159 16.75 10.33 3.75
13 24 157 16.00 . 9.79 2.83
14 31 154 16.23 11.65 3.68
15 22. 169 14.55 7.86 1.82
le 32 160 = 12.03 8.06 2.87
17 23 159 16.77 12.36 4.91
18 23 165 14 .86 9.38 3.76
19 y 22 144 14.50 7.06 1.69
20 23 163 15.76 9.81 3.29
21 24 158 15.38 9.86 4.29
22 24 163 13.18 8.09 3.14
23 23 142 14.83 9.00 2.57
o 24 14 134 10.77 5.23 1.23
25 - 8 141 17.86 14 .00 6.57
i ‘ 26 8 155 13.25 5.37 1.62-
. 27 11 155 . 13.36 8.36 2.27
28 15 . 165 15.73 9.73 2.93
29 20 . 154 - 16.85 11.20 3.95 -
30 " 25 153 14.28 $.12' 2.80
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TABLE 6.27

CORRELATIONS BETWEEN TEACHER MATHEMATICAL
PROBLEM SOLVING ATTITUDE AND MEAN STUDENT
MATHEMATICAL PROBLEM SOLVING PERFORMANCE

Comprehension  Application  Problem Solving

Teacher Aftitude i -.05 -.06 -.08

The first ancillary query related to Question 5 was: Do
differences in this relationship (between teachers' attitudes
toward pfdblem solving and their students' performance in problem
solving) exist if students are classified by sex? Table 6.28
gives the product moment correlations that were calculated between

teacher attitude scores and the mean problem solving scores for

TABLE 6.28

CORRELATIONS BETWEEN TEACHER MATHEMATICAL
PROBLEM SOLVING ATTITUDE AND MEAN MATHEMATICAL
PROBLEM SOLVING PERFORMANCE: BOYS VERSUS GIRLS

Rl T
B T L
e s A
——————

XS
h s

.Girls - . . Boys

Compﬁ Appl. Prob. S. ~Comp. Appl. Prob. S.

T

Teacher Attitude .08 107 .16 0 - =06 =17 -.19
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Y

" the boys and girls in their ¢lasses. The correlations in this
table suggest a weak, non—significant ‘positive relationship betWeen
girls' problem solving performance and their teachers' attitudes
' toward problem solving. On the other hand, the data in the table
Suggesf a weak,. non-significant, negative relationship between
boys' problem solving performance and their teachers' attitude
toward problem solving. The data here must be viewed and inter-
preted with some caution, howeirer, as three of the participating
classes had fewer than 10 studenes. Thus, cell sizes are extremely
small for several classes.ﬁhen computing mean performance by sex
of the student. The findingskin Table 6.28 are suggestive at best.
The second ancillary query for Question 5 of the study was as
follows: Do differences in this relationship (between teachers'
attitudes toward éroblem solving and their students' performance
in problem solving) exist if etudehts are classified by mathematics
program type: DMP versus non-DMP? In the descriptive statistics
presented earlier in Table 6.26, classes 1-15 are from the DMP
sample, and classes 16-50 are from the non-DMP sample. The
correlation coefficients between teacher attitude aed mean Student
performenCe by program type are given in Table 6.29. Strong
negative relationships exieted between DMP teacher attitudes and
the problem solving performance of their students. Using the

«

Fisher -Z-transformation as a significance test, the correlations

between DMP teacher ‘attitude and the mean comprehension and
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- TABLE 6.29

CORRELATION BETWEEN TEACHER MATHEMATICAL
PROBLEM SOLVING ATTITUDE AND MEAN STUDENT
MATHEMATICAL PROBLEM SOLVING PERFORMANCE: DMP VERSUS NON-DMP

DMP Non-DMP

Comp. . Appl. Prob. S. Comp. Appl.. Prob. S.

£l

Teacher Attitude -59* -S55% -. 47 .16 .18 - .19

* Significant at p < .05 )

: application scores of their students were found tg be eignificant at

the .05 level; tﬁe correlation between DMP teacher attitude and mean
lstudent problem eolving scores was not significant at the .05 level.

The correlations® for the non-DMP sample, on the other hand, are all
positive, but non-significant. As a result of the negative correlations
found between teacher attitude and mean problem solving performance

of their students, several exploratory analyses were undertaken in

an effort to explain these rather surprising results.

Exploratory / Analyses for QuestLon 5

This section briefly"’ describes data analyses undertaken to

) explore the substantial negative correlations which were found in
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the DMP sample between teacher problem solving attitude and student
problem solv;ng‘performance- Once computer error was ruled out as
a possible explanation, the PICT1 program (Allen,‘Learn, Schlater,
& ﬁolfe, 1975) was utilized to obtain scatter plots of DMP teacher
attitude scores and the mean comprehension, application, and
. problem solving scores of their students. These scatter'plots
are included in Appendix F. The negative correlations shown in
Table 6.29 were verified by th? scatter plots; thus, a rather clear
negative relationship in the data was apparent. -ﬁ\\
Fletcher (1968) has observed that relationships based on
class means shoﬁld be ianrpreted with great cére,vsinéé extreme
observation§ may have a significant effect an mean score for the
class. In an attempt to determine if there were extreme observatioﬁs
in the DMP sample, "massive" scatter plots were obtained for all ‘
student :omprehension, -application, and problem solving scores in
the sample. Each stugent score was plotted against teacher attitudé"
score for each of the iS.CIasses. No extreme observations were
appar 'nt in individual st&dept scores, but‘the "massive" scatter
plots also verified the nggaﬁive trend in the data. The "massive"
. scatter plots are not-included in this paper as the size of the:
computer printouts prohibiteg their‘reduction to a size which
would maintain legibility of the data. -

. ) ‘ ' As the data were examined, it was noted that the teacher with

the‘lowést attitude score.taught a class whose mean problem solving

132
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score was 5.19; on the other hand,.the class wh&ge teacher had the
ﬁighest attitude écore had a mean problem sblving scoré ot‘2.55.
The problem solving scores of these two classes' reflected the
homogeneity of each class; that is, the class with lgw problem
solving mean was a slow group of students, while the group with

the higher mean was above-average in mathematical ability. 1In
fact, the above-average class had received 1nstructiqn in approx-
imately four more DMP topics than the slower group. " Thus, the data
of tﬁe present sample seem to indicate that the problem solving
performance of students may be more related to opportunity to learn
than to teacher problem solving attitude.

The data analyses for Question 5 of the study suggest.that the
results may be an artifact of this group of teacherS_and students.
Though.a rather clear negative trend in the relationship between
DMP teacher attitude and student performance was apparent, it must
be noted that the DMP data are based upon a sﬁéll, selected sample
ot teachers, all of whom expressed favorable attitudes_toward mérhef
matical problem solving; thus, variance in attitude scores was
slight. 1In this situation, when only a small portion of the dis-
tribution for the to;al population is examined, Hayes (1973) has
observed that generalizations about the true natufe of the re-

lationships among the variables should be vigwedeith extreme

caution.
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Concluding Remarks

This part of Chapter 6 'has discussed the analysis and inter-— .
pretation of the data for the five main questions and several
ancillary questions investigated in Part 1 of the study. Conclusions
resulting fromithe discussion in the various sections of this part
of the chapter will be presented in Chapter 7. The next part of
the present_chapger’diSCUsses the analysis and interpretation of
theadata for the two main and two ancillary questions investigated

in Part II of the study.

Analysis and Interpretatio; of the Data for Part II
The second part of the study was dire~ted at the two remaining
major questions posed in Chapters 1, 3, and 5. Those questions
pertained to the directional relationships existing between teacher

problem solving attitudes and student problem 301VQng’performance

and attitu&es. Simple correlational procedures caﬁnot answer such
questions of cause and effect. However, Campbell and Stanley (1963)
have discussed a\guasi—experimental desigq which can provide clues
regarding the direction of relationship between teacher attitude
and student attitude and pe:formance. The design employs tiﬁe as
a.third variable and 1is cgiled cross-lagged panel éorrelatipn.

This design was empléyed for the secohd'par; of ;he present sﬁudy;

T a complete‘descriptioq qf-the design was given in éhapter 3 and

discussed again in Chapter 5.
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The basic plan for Part II of tﬁis study involved problem

. solving testing at two differenf times (Time 1 and Time 2), with
an intervening 'treatment' period. Only the DMP sample of teachers
and students was involved in thls part of the study. At each®
testing time three instruments were gdministered: (1) the student
mathematical problem solving test; (2) the student mathematical
problem solving attitude scale; and (3) the teacher mathematical
problem solving attitude scale. "The "treatment" was not rigidly
contfolled, but did entail instruction from the regular sequence
of DMP topics. The cross-lagged panel correlational technique,
as recommended by Campbell and SFanley (1963) for this type of
study, will be discussed as thé data for each question are

presented.

Data for Question 6

The sixth question of the study was the following: Do fourth-
grade teachers' attitudes toward problem solving affect their
students' problem solving performapce or is the effect of the
oppésiteynature? In an effort to answe} this question, teacher
problem solving attitude data and student problem solving
performance'déta.were gathered at two differeﬁtvtimes (Time 1
and Time 2). The desdriptive statistics fér these data{ére
! pr;sentedAin Table 6.30.: Fifteen DMP‘cl;sses pa;tiéiapted in

.this paft‘Of the stdy. However, the teacher of Class 9 who
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TABLE 6.30

TATISTICS FOR TEACHER ATTITUDE AND STUDENT
ERFORMANCE AT TIME 1 AND TIME 2

Time 1 Time 2
Class Teacher Teacher
Number Attitude Mean Student Scores* Attitude Mean Student Scores®
Score c A : P Score . c - A P
1 159 13.08 8.33 2.46 16l 14.70 10.85 4.37
2 149 16.32 12.58 5.11 151 18.11 14.28 6.94
3 170 13.84 8.32 2.12 179 15.00 9.97 3.76
4 141 18.55 13.64 4.73 7 170 18.73 15.64 7.55
5 160 15.35 9.42 - 2.85 160 15.92 12.52 4.28
6 175 14.67 8.63 2.63 16R 14 .30 10.00 3.41
7 164 17.11 13.67 5.78 160 17.42 14.17 6.50
8 156 16.83 12.17 4.67 163 17.45 14.36 5.82
‘9 145 16.00 9.71 3.38 *k 15.11 10.95 3.53
10 158 14.90 8.80 -2.90 172 16.48 11.52 5.48
11 167 15.95 10.33 3.76 170 15.91 11.04 5.65
12 159 16.75 10.33 3.75 166 16.96 12.24 5.12
13 157 16.00 - 9.79 2.83 171 15.54 11.46 4.65
14 154 16.23 11.65 , 3.68 153 15.15 11.08 4.35
15 169 14.55- 7.86 1.82 171 14.76 11.08 3.92
C: Comprehension
A: Application
P: Problem Solving
%% Not avallable ]-3
6

611




120

.participated at Time 1 resigned prior to the testing perilod at
Time#2; thus, complete data were available for only 14 classes.
S 4 . oa

~

In ;adftion to the teacher attitude scores at Time 1 and Time 2,

o

Table 6.30 gives“the mean student scores on each part of the <

problem solving test. . i oy

The father substantial negative correlations found between '
DMP teacher problem solving attitudes and mean student problem
‘soiving performance at Time i suggested the sagacity of examining - .
‘these felaéionéhips at Timg 2 ;s well. The correlations for Time 2
are pr;sented in Table 6.31; Thougﬁ the relationships between
& “ teacher at;itude and mean student performance at Time 2 are also .
T negagive, the correlations are not significanf,‘and the relation-

ships are, much weaker thantat Time 1. These findings,'howevef,

support the negati#e trend observed in the data at Time 1. » >

. ‘ . TABIE ,6.31

CORRELATIONS OF . TEACHER ATTITUDE AND STUDENT
PROBLEM SOLVING PERFORMANCE AT TIME 2

Comprehension Application " Problem
oy " ) Solving ~

Teacher Attitude . -.27 -.39 : -.28

137
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;Anotﬁer point worthy ;f note is that the correlation between
teacher at*itude scores at Time 1 and teacher ét£i£§d;A9cores at
Time 2 was .41. A stronger relationship between a&ult"attitudes 5
at two different times might have been expected. Thisvfindiﬁg
suggests thatveither the aétitudes of the tegchers in this sémple
are rathef unstable or ghat the internal consistency of the teacher
attitude scale needs to be improved. It is péséible, of course,
that both of these observgtions are true. At any rate, the data
reported in ‘lable 6.31 and in this paragraph support the contention
expreséed earlier in this paper that the findings of the study
regarding thé relationship between DMP teacher attitude and
student performance are sugéestive and Qarrént further investigation.

As noted previously, merely calculating the correlations
between teacher scores and student scores for each time period
Ndoes not provide information regardiné)cauﬁg and effect as posed
in Question 6 above. Instead, cross-lagged paneléggrrelations
(Campbell & Stanley, 19%3) were computed. The correlation
between teachers' atfitude scores at Time 1 and their students'
mean prqplem solving scoresg at ;;me 2 (rlz) were Falculated,
as was the correlation between teacher attitudes at Time 2
and the means of the-problem solving scores of their students at

'Time 1 (r21). Thesg’corrg}ations are shown in Table 6.32.

Campbell and Stanley (1963) suggest that if one of the cross-lagged

<2




TABLE 6.32

CROSS-LAGGED CORRELATIONS:
TIME 1 TEACHER ATTITUDE WITH TIME 2 STUDENT PERFORMANCE (r1 )
AND TIME 2 TEACHER ATTITUDE WITH TIME 1 STUDENT PERFORMANCE %r21)

Cross-lagged ' .
Correlations Comprehension Application Problem Solving

-.72 -.72 -.69

Ty -.25 | -.50 -.53

* significant difference in correlations at p < .01

~
correlations is signficantly more positive than the other, then this’

provides evidence regarding which variable has the. greatereffect

N
on the other. .

Hayes (1973) has suggested a method of testing the significande
of the difference between two correlation coefficients. This method

is based upon -the Fisher Z-transformation, and the test statistic

is provided by the ratio

where Z1 represents the transformed value of the correlation

coefficient for the first sample, Zé the transformed value for




the second, and

o, = + .
z, -2 \[N-3 N 3

The test gtaﬁistic in the preceding paragfapﬁ wés em;loyed to
determine the signifiance of the differences bétween the pairs of
correlations in Table 6.32: As-noted in the table, each of the
differences is significant at p.< .0l. Since Ty is significantly
more positive than T, for each of the parts of the mathematical
problem solving test, it may be inferred that initial mean Student

kY

problem solving performance had a greater effect on final teaéher

<

attitudes than initial teacher attitudes had on final mean student
problem solving performance.

The ancillary question related to Question 6 dealt Qith the
directional relationship between teacher attitudes and student
performance when the data are grouped by sex of the student.

Table 6.33 presents the cross-lagged correlations whicﬁ were
computed sepafately for boys and girls. For each part of ther
mathematical problem solvihg test, r21 is more positiye than

T However, the difference between Ty, and rlzvfor'boys on

127
the third part of the mathematical problem solving test is not

significant. For girls, the directional relationship between

teacher attitude and student performance is the same as for the

140




TABLE 6 33

CROSS-LAGGED CORKELATIONS FOR BOYS VERSUS GIRLS:
TIME 1 TEACHER ATTITUDE WITH TIME 2 STUDENT PERFORMANCE (r1
AND TIME 2 TEACHER ATTITUDE WITH TIME 1 STUDENT PERFORMANCE %r21)

Cross-lagged

Correlations Comprehension Apglication Problem Solving

1o -.57 -.73 -.52

Ty -.26 -.47 . =.51

T2

r21

* gignificant difference in correlations at p < .01

total sample; that is, girls' initial mean problemvsolving performance

had a greater effect on final teacher attitudes than initial teacher
attitudes had on girls' final mean problem solving performance. For
boys, however, the preceding inference could only be made for com-
prehension and application parts of the problem solving test. The
inferences made with regard to the directional relationships. based
on comparisons of boys' and girls' correlations must be viewed with
gsome caution. As neted earlier in Table 6.26 three of the DMP

classes had fewer than 15 students, and so the computation of mean
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scores by sex of the student was based upoh very small cell sizes

for those classes.

Data for Question 7

The last majoxr question of the present study was as follows:
Do fourth-grade teachers' attitudes toward problem solving affect
their students’ attiéudes towa?d problem solving or is the effect
of the opposite nature? Teacher and stu&ent problem solving
. attitude data were gathered at two different times (Time 1 and
Time 2) in an attempt to answer Question 7. Tleé 6.34 gives the
descriptive statistics for these data. As was noted for Question 6,
complete data were available only fof 14 of the 15 DMP classes in
the sample as one class changed teachers between the first and
second testing periodsf \B;sides the teacher attitude scores,
Table 6.34 lists the mean Student responses on each part of the
mathematical problem»églving attitude,scale. |

Once again, rather than calculating simple correlations between
£eacher and student attitude scores, the cross-lagged panel cor-—
relational technique was employed. The,correlationkbetween
teachers' att%tudes at.Time 1 and the means of the pfoblem solving
" attitude scores of their students at Time 2 (riz)nwere computed,
as well as the correlation between teacher attitudes at Time 2 and

the means of the problem solving attitude scores of their students

at Time 1 (r21). Table 6.35 gives these correlations. The
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TABLE 6.34

DESCRIPTIVE STATISTICS FOR TEACHER ATTITUDE AND STUDENT
ATTITUDE AT TIME 1 AND TIME 2 ‘

!

Time 1 Time 2

Teacher ’ ' Teazher
Class . Mean Student Scores* . Mean Student Scores*
Number ~ Attitude T I Total Actitude =y II  Total
Score : Score
1 159 45.85 86.38 132.23 161 44.58  87.50 132.08
2 149 45.06 '86.50 131.56 151 41.40 89.00 130.40
3 170 41.58 86.65 128.23 179 44.70 89.59 134.30
4 141 39.82 82.91 122.73 170 39.78 84.67 124.44
5 160 - 41.87 86.25 128.12 160 45.64- 89.64 135.29
6 175 42.07 84.11 126.19 168 42.46 84.42 126.88
7 164 52.00 99,55 151.55 160 51.79 95.93 147.71
8 156 47.31 93.31 140.62 163 44 .00 95.09 139.09
9 145 44 .05 90.21 134.26 Cokk 44.00 92.16 136.16
10 158 43.00 87.61 130.61 172 40.91 85.91 126.82
11 167 39.38 79.00 118.38 170 39.42 82.96 122.37
12 159 C 44 .04 85.50 129.54 166 47.31 88.19 135.50
13 - 157 "41.56 83.64 125.20 171 39.64 84.24 123.88
14 154 42.19 83.87 126.06 153 42.48 88.56 131.04

15° 169 40.92 80.04 120.96 171 42.89 87.46 130.36

* I: Part I (Informal)
II: Part II (Formal) A
Total: Composite 1> :3

** Not available T

~
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_ Fisher Z-transformation ratio described in the data analysis section

-

for Question 6 was utilized to determine the signficiance of the

differences between the pairs of correlations in Table 6.35.

TABLE 6.35

\ . CROSS-LAGGED CORRELATIONS:
TIME 1 TEACHER ATTITUDE WITH TIME 2 STUDENT ATTITUDE (ri2)
AND TIME.2 TEACHER ATTITUDE WITH TIME 1 STUDENT ATTITUDE (rj)

Cross-lagged Attitude I  Attitude IT  Total
Correlations . .
r .29 -.03 .13
12 * * *
Ty - .47 . -.30 -.37

*significant difference in correlations at p < .0l

Each of the differences is significant at p < .0L. Using the

_inferential procedure recommended by Campbell and Stanley (1963),
since T, is significantly more positive than Tyg» initial teacher
attitude seemed to have a greater effect on final student attitude than
v ' initial student attitude had on final teacher attitude.
The last ancillary question of the study pertained to the
directional relationship between teacher attitudes and student |

attitudes when the data are grouped by sex of the student.

Cross-lagged panel correlations were computed separately for

ERIC | 144
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boys and girls and are presented_in Table 6.36. For each part of

the attitude scale L P is significantly more positive .than Ty for

both boys and girls. However, the level of significance for the

TABLE 6.36

CROSS-LAGGED CORRELATIONS FOR BOYS VERSUS GIRLS:

TIME 1 TEACHER ATTITUDE WITH TIME 2 STUDENT ATTITUDE (r 2)
AND TIME 2 TEACHER ATTITUDE WITH TIME 1 STUDENT ATTITUDE %r21)

Cross-lagged

Correlations Attitude I Attitude II Total
Tig .14 -.16 -.02

Boys *k * *k
Tyy- -.41 . -.34 -.37
r 33 .04 20

Girls 12 *k * bl
Ty -.45 -.18 -.30

* gignificant difference in correlations at p < .05
** gignificant difference in correlations at p < .01

differences in correlations based on the second part of the attitude

N~
scale 1is p < .05, whereas those based on the first part and the

\ total scale are signficant at p < .0l. Thus, the same directional

-

e
(PN
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A.relaciénshipswholdvbetweenuteacher attitude and student attitude

for boys and girls separately as held for the total sample. However,
the conclusion is sgmewhat tenuous for the relationship based on

the second part of the student attitude scale. And once again,

the inferences made fo? boys versus girls must be viewed with some
caution bec;use of the very small cell size used to calculate mean

student attitude scores for three of the participating classes.

Concluding Remarks

The analysis and interpretation of the dafa for Part 1II of the
study have been discussed in the last section of the chaptér; data
were presented for two main and two ancillary questions. The first
part of the chapter described the data for the five main and
several ancillary questions for Part I of the sfhdy. Conclusions
evolving from all data analyses will be discussed in Chapter 7,

which presents the conclusions and recommendations of the study.
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ABSTRACT

The purpose of this study was to investigate the relation-
ships between the mathematical problem solving performance of
- fourth grade children, the;r attitud;s toward mathematicél problem
. solving, their teachers' attitudes toward méthematical problem
solving, and related sex and program-type differencés.

Three instruments wére used to gather data. The 22-item
mathematical problem solving test (Romberg & Wearneé, 1976) provides
a measure of comprehension, application, and problem solving for

eacN'item. Theb36-item student mathematical problem solving atti-
tude scale and the similar 40-i£ém teacher scale have Likert—typefq
formats and were devgloped by the investigator.

During the fourth month of the 1975-76 school yéar data were
gathered for Part 1 of the study from 30 fourth grade classes 16
13 southern Wisconsin schools. Fifteen of the classes were using

Developing Mathematical Processes (DMP); the remaining 15 were

using standard mathematics textbook series.
Both students and teachers possessed favorable mathematical
problem solving attitudes. The DMP students performed significantly

better than non-DMP students on the first two parts of the problem

162 , -




solving test; no significant differences in performance were observed
on the third part. Rather stable-and significént positive corre-
lations were found between‘student problem solving performance and
student problem'solving‘attitude. Significant negative correlations
found between DMP teacher problem solving attitude and mean student
performance were judged an artifact of the non-random samplipg of
classes for the study. No significant sex-related -differences were
found in any of the data.

The design of Part II of the study was based on the cross-

lagged panel correlational technique of Campbell and Stanley (1963).

During the seventh month of the 1975 76 school year the 15 DMP

classes participated in a second round of problem solving testing.
An intervening "treatmeqt" period between the first and second
testing times involved instructipn in selected DMP topics. Part II
attempted to determine the difection of effect between téacher
problem solving a£titudes and,student'pfoblem solving attitudes
and performance. |

Cross-lagged panel correlations indicated that initial student
performance seemed, to have a gréater effect on final teacher attitude
than initial teacher attitude had on final‘stud;nt perfdrmance;
However, initial teacher attitude scemed to have a greater effect

on final student attitude than initial student attitude had on

ﬁ/m/ /¢\)Lm/o<_//
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Chapter 7

CONCLUSIONS AND RECOMMENDATIONS -

The discussion in this chapter centers on the conclusions
and recommendations evolving from the study described in this

papper. The chapter begins with a brief summary of the study.

Summary of the Study

The purpose of the‘present study was to investigate the
relationships betwen selected noncognitive factors and the‘math—
ematical problem solving performance of fourth-grade children.

Those factors investigated were children's attitudes toward
mathematical problem solving, teachers' attitudes toward mathe-
matical problem solving, and related sex and program-type
differences.

Three instruments were used to gather the data for the study.
The 22-item mathematical problem solving test provides a measure
of comprehension, application, and problem solving for each item;
it was developed by Romberg and Wearne (see Wearne, in preparation).
The student mathematical problem solving attitude Scale is a 36-
item Likert-type scale,\and the teachef mathematical problem solving
attitude scale 1 ; O-item scale with Likert format; both attitude

scales were developed by the author of the study.

130
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The study was conducted in two parts. Thirty fourth-grade

classes in 13VWisconsin schools participated in Part 1. During the
fourtﬁ month .of the 1975-76 scheol year, the instruments of the

study were administéred to the students and teachers in the sample.
Fifteen of the classes were using Developing Mathematical Processes

-

(DMP).. The remaining 15 classes were not using the DMP materials. -

Five main questions and nine ancillary questions were investigated
in Part I of the study. The main questions dealt with. favorableness
or unfavorablepess of student add\teacher attitudes toward mathe-b
matical problem solving, performaﬁce of students on .the mathematical
problem solving test, and the relatiénships between student perfor-
mance, studentva;titudes, and teacher attitudes. Ancillary questions .
dealt with sex-related and program-type differences in thg above
relationships. ,
Part II of the study was‘conducté? with only the DMP sample
from Pért I. During the seventh month of the 1975-76 school year,

the 15 DMP classes participated in a second round of testing using

an alternate version of the student problem solving test and the

student and teacher attitudinal scales. An intervening ''treatment”

period between the first testing (Time 1) and the second testing
(Time 2) involved instructﬁpn in topics selected from the regular

DMP sequence. The design of the second part of the study was

based on the cross-lagged panel correlational technique (Campbell &

Stanley, 1963) 4& advocated by Aiken (1969). This part of the
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i
‘

. study attempted to determine the direction of effect between teacher
: /
probls 1 solving attitudes and student problem solving}ﬁttitudes and

performance. Using cross- laéged panel correlations,fteacher attitudes

at Time 1 and Time 2 were cdrrelated with student attitudes and
/

performance at Time.l and Tﬁme 2 in order to suggest which variable
- had the greater influence on the other.

Before discussing the conclusions resulting from the conduct

'

of the study and subsequent data analyses, the limitations of the

study are noted. These/are discussed in the next sggpion.

i
/

Limftations of the Study

Research studies ih the behavioral sciences are often limited

because of a number of eéxtraneous factors which may influence the

results of these studies\ Purity of researq% design must sometimes
be sacrificed due to the\Practical constraihts of a real-world"
vgg settiug. Campbell and Stapley (1963) provide a reasonably complete'
- discugsion of these extranedus and confouuding variables. Several

f
‘factors either limit or conépund the resuits of the present study;

. : the most important of these ;re discussedjhere.

| Ideally, the fourth—grade\classes iu the present study should
have been randomly selected. éPwever, dnder the circumstances of
the study, random sampling was not possible, and so, even though

" the number of students participa ing was quite large, the findings
of the study may not be generaliz ble to all fourth-grade classes.

In add{tion, the DMP classes in the study had been participants

in-the large-scale field test of tﬁe ﬁrogram for the preceding school
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year, and the author;ﬁad worked with the teachers of six of those
classes in a number of inservice gessions during that time. .The
confounding effect of tﬁeée factors is difficult to ascertain.
For example, did these teachers express their true feelings on
the teacher problem solviﬁg attitude scale, or did they réspond
in a manner which they thought might be expected?

Instrument validity and reliability can also be limiting\
factors in a study. Because of careful instrument development,
however, content and face validity may be inferred‘(NUnnally, 1967);
such an inference seems reasonable for each of the instrments in
this study. And the reliability coefficients for -the instr;ments
were also judged to. be satisfactory, although the reliability
coefficient for the teacher problem solving scale was based on a
sémple of only 30 teachers. Thus, the findings of the study which
are dependent .upon use of the teacher scalg may be somewhat limited.

Thelcorrelational procedures usgd’in the study are based on
the assubption of a bivariate normallpopulation. When sample size
is iargel as was the case for the adminiétration of the student
instruments, bivariate normality may be assumed (Hayes, 1973).
However,%if sample size is relatively small, then Hayes (1973)

suggests that the results of correlational procedures must be viewed

with caution and may be only suggestive of actual relationships
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existing in the total population. Thus, in the present study,
findings based on the correlations performed with the teacher

attitudinal data must be viewed in this 1%ght.

' J
Conclusions of the Study

Seven main and several ancillary questions served as the
framework around which the study was designed, conducted, and the
data analyzed. This section of the chapter is organized in a

similar manner. Each major question of the study is given, and

then the conclusions pertaining to that question are discussed.

’

Question 1
The initial question of the study was: Do fourth grade students

have fayorable attitudesvtoward probiem solving? Based on the 619

students»whg responded to the problem solving attitude scale in

the Study,gfhis question mﬁst be answered affirmatively. The

mean student scores on the scale can be categorized as "favorable."

The ancillary queries related to Question 1 inquired-as to the

existence of sex or program-type differences in fourth graders'

attitudgs toward problem solving. There wére no significant sex-

related differences in the problem solving attitudes expressed by

the students in the sample; in fact,‘mean attitude scores were SO

similar that one might conclude that there were no sex-related

differences whatsoever.

when comparing the problem solving attitude scores of students

by program—type, the non-DMP students seemed to have slightly more

168
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/.
éavorable attitudes than the DMP students. On the infonyﬁ}
measure of problem solving attitude, tﬁé non-DMP students' attitude
was signiffcantly more favorable than the DMP étudents' attitude,
although the difference in mean scores was only 1.5 pointsl On ‘ -
the formal measuré of problem solving attitude and on the total
scalé the;e were no signifiéant differences in scores based on
type of mathematics program»sgudied. In the DMP sample boys had
the more favorable problem solving attitudes, while in the non-DMP
sample it was the girls who expressed more favorable attitudes
toward problem solving. Though this result produced a statistically
significant interaction, it probably has little practiéal significance.
The second question of‘the study was'és follows: Do fourth
N grade teachers have favorable attitudes toward problem solving?
The 30 fourth grade teachers in this study did, indeed, expréss
_favorable reactibns‘toward problem solving as measured by the
teacher problem leving attitude scale. Attitudes of these teachers
ranged from wha£ might be termed "slightly' favorable to "very"
favorable. Based upon the mean attitude scores of the DMP and

non-DMP teachers, it may be concluded that DMP teachers expressed

more favorable problem solving attitudes than the non-DMP teachers,
although the expressed differences were not statistically significant.

As noted above, there was little variation in the range of teacher

attitudes.
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ggestion 3

The third question investigated in the study was: HoQ do
fourth graders perform on a test of prbblem solving performance
which provides measures of comprehension, application, and problem'
solviﬁg? Three separate scores were reported for each student
responding to the mathgmatical problem solving test used in the
study. Studenté~were ;ble to solve correctly more of the compre-
hension items than application items and more of the application
items than problem solving items; this rgsult was expected gince
{t—reflects the order of difficulty of the items. The problem
solving items are the most difficult and are E;oblems in the sense
of the definition given in Chapter 1. Of a total of 22 three-part items
on the test, mean numbé£ of problems solved correctly by the students
was 15.00, 9.50, and 3.19 for comprehension, application, and'problem
solving, respectively. Satisfactory performcnce on the problem solving
test is difficult to assess without some predetermined criterion
level; the establishment of such a criterion 1e§el was not deemed
appropriate for this study. One fact does emerge, ﬁowevet. - Most
of the students could not be clagsified as good problem solvers
when -the problems are of a type specified by the definition used in
thelstudy. A more detailed discussion of student performance on the
problem solving test m;y be found in Wearne (in ﬁreparation).

One of the ancillary questions related to Question 3 pertained
to the possible existence of sex-related differences in problem ‘

solving performance of the students in the sample. The girls'

179




mean performance on the comprehension part of the test was higher

than that of the boys; on theother hand, for the application and

problem solving sections, the boys outperformed the girls. None of

1

these differences was significént, however.
In the sample for this study DMP students performed significantly
better than non-DMP stddents on the comprehension and application
parts of the problem solving test; the difference in~pefformance for
thevproblem solviﬁ;'part of the test was not significant. The better
performqncé of the 'séhdents is noteworthy, especially since the
nonTDMfw;ample received about 10 more days af instruction prior to

their testing than did the DMP sample.

Question 4

~The fourth qhestion investigated in the study was the following:
What is the relationship between fourtﬁ grade stuaents' attitudes
towérd problem solving and their performance in problem solving?
Significant positive correlations were found between each of the
three attitude scores and each of the three problem solving scores
reported for the students in the sample. Correlations ranged from
.12 for the weakest relationship to .31‘for the strongest relation-
ship between attitude and performance. Though these cofrelations
are not large, they are similar in size and range to those found by
Lindgren et al. (1964) when comparing problem solving attitude and

achie&ement in arithmetic with fourth grade children in Brazilian

A
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elementary schools. The rather stable positive correlations are
alsoAsimilar to those found between rithematics attitude and
achievement with fourth grade students 1n the NLSMA X-population’
(see.Crosswhite, 1972).

The differences in the relationship between attitudes and
performance 1in problem solving for boys versus girls were also
investigated. Once again, there was a significant positive rela-
tionship between attitude and performance for both boys and girls.
For boys, the range of correlations was from .11 to .36; for girls,
the range was from .12 to .24. Though the lowest correlations for
both sexes were approximately the same, those for boys were consis-
tently higher than those for.girls. Thus, in, this sample, there
appreared to be a stronger relationship between problem solving
attitude and problem SOlving performance for boys than for girls.

When correlations were calculated for the student data categorized
‘by program-type, a positive relationship between problem Solving'ﬂ
attitude and performsnce was found for both groups. The correlations
for the DMP sample ranged from .03 to l7 with six of the nine
correlations between attitude and performance being significant
For the non-DMP sample, the correlations were gomewhat higher,
ranging from .18 to .43, with all correlations significant. There-
fore, for the sample of the present study, there appeared to be a
stronger relationship between student problem solving attitude and

problen solving performance for the non-DMP sample than for the
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DMP sample. Exploratory analyses with data from the DMP sample suggested

that students with high probygm solving performance have problem solving
~attitudes considerably higher than average, while those students with

low performance have lower than average attitudes.

Question 5 . . -
The fifth question %nvestigated in this study was: What is |

the rglationship between fourth grade teachers' atcitqdes toward

problem solving and their studenté' performance in problem solving?

The correlations between teachers' attitudes and the mean problem

‘éolving performance'of thelstudents in their classes weré found to

be consistently very weak, negative, and, non-significant, and in

the range of -.05 to. ~.08. Thus, for the 30 fourth grade classes

in the sample; there appeared to be little observable relatidnship

between teacher problem solving attitude and studeng problem solving

performance.
When the teacher attitu&e and student performance data were

categorized by sex of the students, weak positivé correlations

were found between the two Qariables for girlg; on the other hand,

for the boys rather stable negative correlations were found. These

opposite relationships wereAsomewhat interesting, but none was

statistically significant. ' -
Surprising and almost unbelievable results were found when

corrclations were computed on the basis of program-type. For the

non-DMP sample the correlations between teacher attitude and mean

student problem solving performance ranged from .16 to .19 ‘and were

non-signlficant. However, for the DMP sample, rather substantial negative

correlations were found; they ranged from -.47 to -.59, and two of

ERIC 173
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3
the three calculated were significant at the .05 level. 1In an
attempt to explain negative correlations of this propoftion,

several exploratory analyses were undertaken. Scatter plots were

drawn to show the relationship betweén teacher attitude scores and

.

. 2
mean student scores on each of the three parts of the problem

solving test. The scatter plots and accompanying regression lines
did, indeed, verify the negative nature of the relationships
between teacher attitude and mean student performance. However, as noted
previously in this chapter, cor;elatfbns calculated on small sample
sizes must.be viewed with caution and are nof necessarily indicative of
those in the larger population. Since these correlations were based
on a samplé of 15 teachers, and since the attitudes of all teachers
were favorable and the variance in scores was slight, it was concluded
that additional reéearsb evidence from other fourth grade populations
is needed before definitive judgments about the true relationships
can be made. ’
Question 6

The sixth question of the study was as follows: Do fourth.
grade teachers' attitudes toward éroblem golving affect their
students"problem gnlving performance, or is the effect of the
opposite nature? The cross-lagged panel correlational technique
recommended by Campbell an%;ﬁfanley (1963) was used for this part
of the study, since simple correlational procedures cannot answer ‘

questions of cause and effect.

174
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Only the 15 DMP classes were involved in this part of the study.
Since the correlation between student performance at Time 1 and
teacher attitude at Time 2 was significantly more positive than the

correlation between teacher attitude at Time 1 and student perfor-

mance at Time 2, it was conclpded that initial mean student problem -
solving ‘performance had a greater effect on final teacher attitudes

than initial teacher attitudes had on fin&i mean student problem

solving perfqrmance.

Cross-lagged panel correlations were also calculatgﬂ for the
: T~

"

data grouped by sex of students. The same directional relationships

—

as in the total. sample were noted for girls. However, for boys,
this same direc;ional relationship was apparent onIy for the compre-
hension and application parts of the problem solving test; for the
_problem solving part the differences in cross-lagged correlations
were nqtgsignificant.‘ Therefore, the evidence was inconclusive for
the boys in the sample.
\ o8

As noted previously in this chapter, ghe relatively small sample
éize for this part of the study severely limits the extent to which
the findLngé can be generalized to a larger population. Unfortunately,
until verified by additional research evidence, the finding that
student problem solving performance influenced teacher attitude more
than teacher attitude influenced student performance must be‘viewed

as merely suggestive. The findings regarding the directional rela-

tionships between teacher attitude and student performance for the

boys and girls in the sample must be tempered by the same considerations.
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Question 7

The second question for Part II and the seventh question
investigated in the study was the following: Do fourth grade
teachers' attitudes toward probiem solving affect their students’
attitudes toward problem solving or 1is the effect of the opposite
nature? The cross-lagged panel correlational technique was alsq
employed in an effort to answer this question. The co:relations
between teacher attitude at Time 1 and student attitude at Time 2
were significantly more positive than the correlations between
teacher attitude\a; Time 2 and student attitude’at Time 1. Thus,
fof the iS DMP classes in this part of the study, initial teacher

E attitudé gseemed to have a greatef efffect on final student attitudg;
\than 1nitia113ézzzht attitude had on final teacher attitude.

When the cross-lagged correlations were'calculaféd on the
hata grodped by sex ;f student and the results analyzed, all
differences in correlations were significant. Thus, the same
d&rectional relationships held between teacher attitude and student
attitude for boys and giris separately as held for the total sample.

As was the case for Question 6, the small>sample gize for
Part II of the study serves to limit the generalizability of the
results. And so, the findings for Question 7 must also be viewed

as suggestive of the relationships existing in the total population.

Concluding Remarks

This section of Chapter 7 has discussed the conclusions of the

1
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study in light of the findings of the investigation. A number of

ERIC ~

Aruitoxt provided by Eic:

implications for mathematics education seem to evolve as a result .

/

’ /
»f the conclusions.. Some of these implications suggest the directioh

for fuature rw#vurch studies. The implications of the sgudy, along
with recommendat ions for future research, are discussed in the next
section of the cgaptgr.
¥
tmplications of the Study and
Recommendations for Future Resea arch

The major purpose of this study was to investigate the relation-
ships between selected noncognitive Eactors‘and;the ﬁroblem solving
pertormance of fourth grade children. This type of information-oriented
research is designed to provide insight into the nature of specific
relationships between various curriculum variables and to suggest
directions for additional research studies. This section of the
chapter, then, discussés the igplications and recommendations
eman.icing /rom the present stud;\ .
Student rroblem Solving Attltudes

fducators desire that students hold faQorable attitudes toward
all phases of the school program. If studeﬁts in this study are
reflecﬁive of those in a larger population, then most fourth grade
students do, indeed, possess favorable attitudes toward problem
solving. The attitudes of the students in the sample ranged froﬁ
unfavorable to very favorable, with most students indicating

favorable attitudes. Though not a random sample, the relatively

177
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PR

large number of students in this study strengthens the generaliz-
pe
ability of the findings.

The student problem solving attitude scale developed for this
study seems to possess a high degree of internal consistency as
measured by Cronbach's Alpha féliability coefficient. In addition,
because of its careful development, the instrument Seems to possess
both congent and face validity. However, at present, no other type
of validity may be ijnferred. Therefore, the instrument needs ‘
further validation with other popu.ations. The design of the
instrument is such that is is suitable for use with students in
the middle to upper elementary grades. The scaie could be used
in conjunction with other attitude scales such as CAPS (see
Covington, 1966) to help establish the construct validity of the
instrument.

An interesting follow-up to the present study would be an
observational investigation to determine if students possess the
kinds of problem solving behaviors which they claim to possess
according to their responses on the problem solving attitude
scale. The.teachers of some students might also be interviewed
to see if they observe the problem solving behaviors indicated
by their students. Observational or interview results could be
correlated with scores on the problem solving attitudé scale
as a means of determining the construct validity of the instrument.

If‘students in the sample for this study are representative

of the larger population of fourth-grade students, there are

178
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apparéntly no differénces in the problem solving attitudes of boys
and girls at this level. Differing reactions to proble@ solving,
then, may be based more on other individual student characteristics
than on student sex. /

Teacher Problem Solving Attitudes

-~

All teachefs in the éample for iﬂe study indicated favorable
attitudes toward problem solving, but, because theré were only 30
of them, their reactions may not be indicative of the population,
of fourth-grade teachefs. Thus, the teacher problem solving

attitude scale needs more extensive validation with other populations;

additional evidence is needed to more firmly establish the internal

. consistency of the instrument. The instrument is designed so that

it can be used with teachers from upper primary through middle
school grades. It also holds promise for use with prospective
elementary school teachers to determine their attitudes toward

problem solving. A revision of the scale has received such use

 in a study dealing with the problem solving attitudes and per-

formance of students in two elementary mathematics methods classes
at the University of Wisconsin (Wearne & Whitaker, in preparation).

tudent Problem Solving Performance

The findings of the present study would seem to indicate that
fourth-grade students perform reasonably wellbon the first two
parts of a test of mathematical problem solving which provides

'

measures of comprehension, application, and problem solving;

179
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However, most students did not perform well on ehe third pars of -
the test which provides a measure of‘péoblem solving performance'
‘based upon the definition of pgoblem as used in tnis study. Cleafly,
this test identifiesbthose students wgo are not gonq at solving this
type of mathematics problem. In this;respect, the nsthematical
problem solving test developed by Romberg and Wearne\(see Wearne,
in preparation) 1s nnique. Existing commercilal instrnments which
purport to be problem solving tests are more liké thexspplication
portion of this test. The commercial tests primarily involve one-
or two-step problems and thus are notvadequats measures of a
student's ability to solve problems for which nelther the solution
nor method of solution is apparent. |

It is the author's c,nviction that the test by RomBerg
and Wearne holds promise as a viable tool for providing a great
deal of information to teachers and other schocl personnel regar-
ding the problem solving capabilities of their students.? This

i

test can help teachers diagnose the difficulties which sﬁudents

\
i

are having in the areas of comprenension, application, and problem
solving. Once problem areas are diagnosed, teachers can plan

activities to remedy the difficulties. More extensive usg of this

type ofvproblem solving test is relatively assured, as the test
utilized in this study will serve as a model for the proplem

solving component of the DMP Terminal Accountability Tests

!
|

(see Romberg, 1974).

i
|
}

! ‘). L .1{3()
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1

The fact that there were no significant differences between

the problem solving perfor@ance of boys and girls in this study
would seem to'indicate that teachers need not concernrthemselves
with varying teaching techniques for the tﬁo.sexes. However, the
fact that the DMP sample of students performed significantly better
than the non-DMP sample on the comprehension and application portions
of the test suggests the existence of factors within the DMP program
to produce this differential effect. The differential performance
may be attributable to the underlying emphaéis upon problem solving

processes and skills that is characteristic of the DMP program.b It

-would be interesting to determine whether significant differential

effegts exist in other populations of DMP and non-DMP students to

whom the mathematical problem solving test is administered.

Student Problem Solving Attitudes and Performance

| As noted éarlier in this paper, previous research studies have
suggested the existence of positive and rather stable relationships
between student attitude and achievementlin mathematics. ‘Thése
studies, however, have not examined the relationships between student
attitude and performance in the area of problem solving. In this
study, the significant and raﬁher stable positive relationships
found between student problem solving attitude and student problem
solviﬁg performance suggest that the relationships between' attitude
and performance are “he same for problem solving as they are for

mathematics in general.  Because of these positive relationships

181
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between problem solving attitude and performance, it would seem
sagacious for teachers to continue their efforts to foster favogable
student reactions and sentiments toward the many facets of mathe—

matical problem solving.

Teacher Problem Solving Attitude As Related to Student Problem
Solving Performance

The somewhat inconsistent(findings of the study with rega;d to
the relationships between teacher problem solving attitude ahd
student problem solving performance; when edupled with the rela-
tively small sample of classes upon which the findings were based,
suggest the need for gathering similar data from other elementary
school populations. This call for the collection of additional
data 1s also based upon the rather surprising negative correlations
that appeared in the DMP sample. Clearly, more research evidence
is needed before definitive judgments can be made about the
relationships between the problem solving attitudes of fourth _
grade teachers and the mathematical problem solving performance
of their students.

Cause and Effect Relationships Between Teacher Attitude
and Student Attitude and Performance

N

Though calls for replication of research studies are easily
made, the findings of the second part of the study obviously -
demand that such occur. More evidence 1is required to ascertain

whether the suggested relationships are indeed in the direction

indicated. In the present study, initial student performance seemed
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to have a greater influence onvfinal teacher attitudes than initial
teacher attitudes had on final student performance. On the other
hand, the direction of relationship seemed to be “nst the opposite
for teacher attitude_and-student attitude; that is, initial

teacher attitude had a greater effect on final student attitude
than iniﬁial éfudent attitude had on final teacher attitude. 1If

the directional relationship is one way for teacher attitude and

student performance, and in the opposite direction for teacher
attitude and student attitude, then teachers should be aware of this
sitqétion. If this directional influence is de;endent upon a
particular population, then knowledge of that fact w;uiq also be
beneficial. |

cThe cross-lagged panel corrélational technique (Campbell &
Stanley, 1963) holds bromise as a valuable research design for
inferring the cause and effect relationships between such variables
as attitude and performance. As a follow-up to the second part of
the present investigation, the author would suggest that an improved
plan for utiliziég_the cross-lagged technique might involve initial
problem solving measures with students ana teachers near the start
of the school year and again at mid-year; this plan would reduce
the cqnfouhding teacher-pupil influence which occurs when initial
testing is done several weeks after the start of the school year.

The sample size in this réplicated study should be larger than that

of the present- study, and the "treatment" should, perhaps, be more

183
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rigidly controlled. If possible, the "experimental' classes
should all study the same course content during the "treatment"

period. s

‘Concluding Remarks

The study reporﬁed in this paper was designed to investigate
‘ the relationships between selected noncognitive factors-and the
problem solving performance of fourth-grade children. Those
factors selected for examination were student problem 801§1ng
attitude, ‘teacher problem sclving attitude, and related sex and
program-type differences. As is so often the case with research
in the behavioral sciences, the findings of the study have, pefﬁaps,
raised more questions than they have answered. In the author's |
opinion, the most important findings of the study are those which
suggested the following: (1) fourth—gradé'students and teachers
'seem~to.possess favorable attitudes toward‘mathematical problem
éolving; (2) fourth-grade students pengéy satisfactorily on the
compfehension and application items, but not the "true'" problem
- golving items of a three-part'mathematical problem solving test;
and (3) there seems to be a significant ;nd stable positive
relationship between student mathematical problem solving
performance and student problem solving attitude. The other
findiﬁgé of theﬁgtudy are important, but must be viewed as

suggestive ;ndﬂin need of additional researcﬁ validation.
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TOPICS 1 - 64 DESCRIPTIONS

TOPIC 1 Describing and Classifying

The children describe and classify familiar objects. Likenesses and
differences are stressed and the skill of sorting is introduced.

r 3

TOPIC 2 Comparing and .Ordering on Length

Real objects are dlrectly compared and then ordered on length. The
children determine whether two objects are the same length and 1if
not, they determine which 1s longer.

TOPIC 3 Fqualizing on Length

After comparing and ordering two objects or pictures of objects on
length, the children make them equal in length by adding on to the
shorter or taking away from the longer. ‘

TOPIC 4 Ordering More than ‘Two Objects on Length

The children put more than two objects in order from shortest to
longest or from longest to shortest.

TOPIC 5 Representing Length

In situations in which-'the children cannot compare and order lengths
directly, they physically represent the lengths and compare and
order the representations to decide about the original objects.

TOPIC 6 Movement and Direction

The children learn that a path 4s a representation of a movement in
gsome direction. Simple direction words are used.

TOPIC 7 Cdmparing, Ordering, and Equalizing on Numerousness

The childven compare, order, and equalize sets on the attribute of
numerousncss. One-to-one matching 1s emphasized. Numbers and count-
ing are not included.

TOPIC 8 Three Dimensional Shape

The children describe and classify three-dimensional objects on the
attribute of numerousness.
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TOPIC 9 Representing Numerousness Physically

The children use objects to physically represent numerousness in
situations 4in which direct comparing and ordering are impossible.
Then they compare, order, and equalize the representations to de-
cide about. the original sets.

. TOPIC 10 Paths and Location

The children work with locating objects. Paths are used as refer-—
ences.

TOPIC 11 Representing Numerousness Pictorially

The children pictorially represent the numerousness of sets by
graphing. Graphing serves as a transition between physically
representing numerousness and symbolically representing numerousness.

TOPIC 12 Tallying

The children learn tallying which serves as a transition between
pictorially representing numerousness (graphing) and symbolically
representing numerousness (numbers) .

TOPIC 13 Time

The children compare and order events on time of duration and time

of occurrence. ‘

TOPIC 14 Representing Numerousness Symbolically

Numerousness 1s represented symbolically by the number words and the
number symbols. The children learn to count and to recognize the
symbols. They do not learn to write the number symbols at this time.

TOPIC 15 Two Dimensional Shape

The children describe and classify regions including faces of solids
on the attribute of shape.

TOPIC 16 Comparing and Oordering on Weight

The children compare and order real objects on the attribute of
weight by using balances.
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TOPIC 17 Writinp, Numbers

The children learn to write the numbers 0-10 and practice writing
them in a variety of situations. )

TOPIC 18 Comparing and Ordering Events on Time

The children compare and order events on time of dgration and time
of occurrence.

TOPIC 19 Assigning Measurements

The children use arbitrary units to répresént lengths or welghts
of objects by assigning a number and unit. Then they compare and
order objects using these measurements.

[y

TOPIC 20 . Paths

The children describe a closed path such as a triangle, rectangle,
and square in terms of number and length of sides. They are intro-
duced to the use of the geoboard as a simple way to make paths.

~
b

TOPIC 21 Comparison Sentences

The relationship between two sets Or two objects on a given attri-
bute 1s represented by a sentence involving = or # (for example:
547, 6 =6, A+ B). The process of validating is introduced.

TOPIC 22 Comparing and Ordering on Capacity

The children directly compare and order the capacities of contailners
by pouring from one to another. Also they learn to represent the
capacity of a given container by assigning a measurement with arbi-
trary units. '

TOPIC 23 Order Sentences

The order relationship between two sets oOr two objects on a given
attribute is examined further. Now if the two are not equal, the
children decide which is larger and write an order sentence (for
example: 5 <7, 6 =6, A> B). The children also learn to validate

plven order sentences.

TOPIC 24  The Number 0-20

The numbers 11-20 are introduced as representing the numerousness
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of sets. The children learn to recognize and write these numbers
and to count such sets. The numbers 0-10 are reviewed.

TOPIC 25 Representing Equalizing Situations

The childfen learn to represent the process of equalizing by writing
a sentence about how two sets OrT objects have been or will be equal-
ized. ’

TOPIC 26 Movement and Direction _

Simple maps are examined. The children follow simple oral or ‘
written instructions involving movement on a given path or between
given points. They also learn to give such instructions.

TOPIC 27 Representing other Equalizing Situations

The children look at other equalizing situations in which one of

the two sets to be equalized is unknown. They represent these

situations with sentences such as [:]- 2=14, 5= [:]-+ 3, 2+ 6= [:],
= 10 - 3. They also begin to solve sentences. The process of

validating is stressed.

TOPIC 28 Symmetry, Fractions and Shaﬁe

The children learn that some familiar figures are symmetric and told
to test whether or not a given figure is symmetric. Fractions (halves,
thirds, etc.) are introduced in terms of the attribute of area.

v

TOPIC 29 Representing Joining and Sepératigg

The process of joining and separating are introduced and represented
by sentences. Active adding on and taking away are stressed. The
children also solve such sentences. '

TOPIC 30  Grouping

The children lecarn to separate any set by grouping the objects of
the set into subsets of a given size. Then they record the results
of their grouping. After grouping a set by 3, they might record
5(3) + 2. :

" TopiCc 31 Geometric Shapes

A variety of geometric ideas are reviewed and explored here with
many types of materials. :
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TOPIC 34 Units of Capacity .
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TOPIC 32 Solving Number Sentences (0-10)

Other types of joining and separating situations are examined, and
sentences are written to represent them. The children solve any
given open sentence with numbers 0-10 and validate it. Number facts
receive attention.

TOPIC 33 The Numbers 0-99

The numbers 21-99 are introduced as representing the numerousness of
sets. The children learn to recognize-and write these numbers in
expanded 3(10) + 4 and compact (34) notation. Place value 1is intro-
duced.

Standard units of capacity (cup, Quart; and gallon) are introduced.
Capacities of various containers are represented, compared, and

ordered in terms of these standard units. —

TOPIC 35 Number Sentences (0-20) ) N

Open sentences involving the numbers 11-20 are solved and validated.
Number facts are emphasized.

TOPIC 36 Describing, Classifying, and Locating

The children sort objects on the basis of two or moré attributes and
are-introduced to the intersection of sets. They locate objects in
relation to paths. They look at grids as intersections of columns
and rows.

ToPIC 37 Partitioning

The children learn to divide a set into a given number of equal sub-
sots and a remainder, and they write the results in grouping notation.
Then they apply this knowledge to fractions and divide various sets
into halves, thirds, etc.

TOPIC 38 Number Sentences (0-99)

A variety of situations involving the numbers 0-99 are represented
by sentences. The children solve open sentences about joining,
separating, and differences using objects or pictures. The re-.
grouping that occurs when the children are solving these problems
is focused on as a background for the algorithm topic (Topic 40).
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TOPIC 39 Units of Length

- Standard units of length (inches, feet, yards, centimeters, and
metérs) are introduced. The children measure various lengths using
these units and compare and order the measurements.

TOPIC 40 The Addition and Subtraction Algorithms (0-99)

Addition and subtraction algorithms for two-digit numbers with and
without regrouping are introduced. The children use their back-
ground with regrouping objects in Topic 38 to give meaning to the
algorithms.

, %)
TOPIC 41 Movement and Direction

The children look at, d
labeled paths and grids. This serves as & background for later work
with integers. : T

TOPIC 42 Units of Weight

Standard units of welght, ounces and pounds, are introduced. The
children represent various weights using these units and they compare,
order, add, and subtract these measurements. The children investi-
gate ordering fractional parts of welghts.

TOPIC 43 Solving Open Sentences

A variety of open situations are examined. The children represent a
way of solving the problem with an open sentence and then solve it.
They investigate the effect on an order relationship of changing

the sets or objects described in an order .sentence. The children
choose and write fractions which represent parts of objects or of
sets.

TOPIC 44 Angles and Symmetry

Angles assoclated with objects or figures are diréctly compared and
ordered. Emphasis 1is placed on right angles. The children explore
symmetry further by using mirrors. :

TOPIC 45 The Numbers 0-999

[
~

The numbers” 100-999 are introduced; place value 1is stressed through
grouping. Both the expanded notation (3(100) + 5(¢10) + 7) and the
compact notation (357) are used.

.
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-eribed bywthe~ehildren~asntheymexperimentwuith a variety of materials. .

TOPIC 46 Comparing and Ordering Areas

The children use arbitrary units of area to measure. regions. Then .
they compare and order objects using these measurements. Fractional

parte of areas are also considered. .

TOPIC 47 Grouping and Partitioning

Tht children represent a grouping or, partitioning problem with an ‘ .
opén sentence. They then solve the sentence physically, pictorially, '
.or symbolically. Repeated addition and subtraction are stressed.

TOPIC 48 Geometric Figures

Various basic geometric attributes of figures are examined and des-

TOPIC 49  Solving Addition and Subtraction Problems 0-999

-

The addition and subtraction algorithms are extended to three-digit
numbers. The children continue to represent a fractional part of

a set or of an object by writing a fraction and to represent a
fraction with fractional parts of sets or objects.

TOPIC 50 Measuring Length

Measuring lengths with standard units 1is continued; more emphasis
is placed on preclse measurements as the children consider frac-
tional parts of units and millimeters. '

TOPIC 51 Measuring Time

The children use arbitrary and standard units to measure durations.
Then they compare and order durations using these measurements.

TOPIC 52 Investigating Problems

Problems that require a combination of famillar processes are
presented. The children are asked to evaluate information presented
in a problem situation in terms of whether that information is suf-
ficient for, or relevant to the solution of the problem. The chil-
dren are expected to master solving addition and subtraction problems

with 3-digit numbers.




TOPIC 53 Location and Angles

The children describe the location of objects on a grid with coor-
dinates and located objects on a grid given the coordinates. They
also represent angles physically and pictorially to compare, order,
or join them or to conduct experiments.

TOPIC 54 Grouping and Partitioning Sentences

The children write open sentences to represent grouping and parti-
tioning situations. They then solve the sentences symbolically
using repeated addition and subtraction. Use of methods to shorten
the steps needed to solve, including efficient repeated addition or
gubtraction and shortcuts involving commutativity is extended to
sentences with larger numbers.

TGPIC 55 Representing Common Fractions

N \
The children decide whether a given fraction correctly répresents
a given fractional part of a whole length, region, or set. They
also show that they know what a fraction means by drawing a picture
of it. :

TOPIC 56 Describing,Three—Dimensional Objects

The children take another look at attributes of objects, with special
emphasis on volume, capacity, faces, and edges. They continue to
compare and order objects on these attributes.

TOPIC 57 The Numbers 0-999,999

Thousands, ten-thousands, and hundred thousands are introduced with
objects and plctures; grouping by ten as the key to place value is
emphasized. .Addition and subtraction of 4-digit numbers are included,
but mastery 1s not expected.

VTOPIC 58 Units of Area

Standard metric and English square units are introduced; the chil-
dren measure the dimensions of rectangular regions and draw a
picture to help them find the area of the region. They think of
the area as an array of square units.

Qi) -




TOPIC 61 Geometric Figures

““The children continue'tovdescribe geometric figures with special

177

TOPIC 59 Ordering Fractions With Representations

After the children have ordered fractional parts of'given pictures
or objects, they order fractions such as 3/4 and 5/8 by drawing
pictures, egpeclally arrays. : '

TOPIC 60 Multiplication and Division Sentences

The children represent grouping ‘and partitioning situations with -
multiplication or division open sentences. They master the basic

multiplication facts. Some of the background for the multiplication

and division algorithms is included. ‘ _ o

emphasis on parallel and perpendicular lines. Many geometric con-
cepts are approached intuitively as the children experiment with
paper-folding, geoboards, geometric pleces, and other materials.

TOPIC 62 Addition and Subtraction of Larger Numbers

The addition and suttraction algorithms are extended to five- and
six-digit numbers and the children are expected to master the
algorithm for the numbers 0-999,999.

TOPIC 63 Measuring

Children measure objects on many attributes to solve problems
involving ordering, joining and separating. Special emphasis is
plcaed on converting from one unit to another by grouping or
partitioning. The children conduct open-ended experiments, collect
and organize their data, and discuss the results. :

TOPIC 64 Multiplication With Larger Numbers

The background for the multiplication algorithm continues to be
deyeloped as the children draw pictures of subproducts to help solve
multiplication problems. More efficient ways of solving division
sentences are developed.

TOPIC 65 Problem Solving

Problems that require a combination of familiar processes are prescnted.
Grouping and partitioning are emphasized. The children are asked to

‘evaluate information presented in a problem situation in terms of

whether that information is sufficient for, or relevant to, the solu-

‘tion of the problem.
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Circle the plcture that shows the balance beam in balance.

Circle the sentence that tells about the weights and .

T . _ '7 [}B ygighs iess than .
wgighs more than .'
[Z] weighs the same as .

impossible to tell from the picture

Weights and are put together on one end of the balance beam and

and are put together on the other end of the balance beam. Circle

the picture that shows how the balance beam might look.

impossible
A to tell

Q ' 21,1 : .
ERIC | -11 .
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14 miles

Bright

Alta

The distance from Alta to Bright is: 7 miles

12 miles .
16 miles

19 miles

The shortest distance from Alta to Drago is: through Bright

The eign

BRIGHT 16

ELMTOWN 19

through Cable
through Elmtown

through Flagge

should be placed: 1in Drago
in Alta ~
in Flagge

in Cable
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Jack and Bob went fishing. They both caught two kinds of fish, trout and
pike. Bob caught 10 trout. Togethcr they caught 18 trout and 10 pike.

" Jack caught 15 fish.

How many trout did Bob catch?
How many fish did they catch altogether?
' How many pike did Bob catch? N
There are 45 houses on Century Avenue. The houses sre white, blue, yellow, " .

green, or Bray. 18 of the houses are white. There are half as many blue

houses aa white housea. 15 of the houses are yellow. Only 1 house ia gray.

There are more blue houses than white houses. TRUE FALSE Impossible
- to tell

There are more blue houses thsn yellow houses. TRUE FALSE Impossible
: . to tell

How many of the houses are green?

O
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Put a circle around the séntence that tells about A < B,

. " A is less than B.
A is grénter than B.

A is cqual to B.

=

Agj\\\:[pc scntences tell about the figures. Decide which figure is A, which

is B, and which is C. Vrite the 1e£tcru on the figures.

L1 -

A<B B <C

The following scntences tell about the nunbers A, B, C, and D.

C+3«8B
D<A

’ ‘ BeD -4

Write the four numbers A, B, C, and D in order from smallest to largest.

(umalleat)'

ERIC - - R17
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1

123450618

N
T hd
Rkl

Both pencils cost the same. TRUE FALSE IMPOSSIBLE TO
~ TELL

*
«

How much wbuld 8 of the 2¢ pencils cost?

Wwhat is the greatest number of pencifs you could buy for 27¢? CK

R

Jack lost some weight. Susan lost half as mu~h weight as Jack lost.
: 3

Carol lost half as much weight as Susan lost. ‘arol lost 10 pounds.

Jack lost more weight than Susan. TURE FALSE IM™OSSIBLE TO
TELL

Circle the number that teils how many pounds Susan lost.

5 10 20 40 none of these

NT)—'

1f Jack weighs 130 pounds now, how much did he weigh before he lest

weight?

\
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'

Each of the four blocks F———=, ‘ 1.. : 1 in the picture
. —— )
..4s covering s number of chips. N .
. .
17
are covered by those

The numbers below the pictures tell how many chips

blocks.

How many chips. are covered by

How many chips are covered by

How mnﬁy chipa are covered by !
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Jackic has twice as many football cards as Mike., Each has more football

cards than Terry. Mike has 15 foc:ball cards.

© 6
LUN
re——.,
; Terry has the most football cards. TRUE FALSE
How many football cards does Jackie have?
-
@ <
Circle the number that tells how many football cards the three could’
- have altogether. (You don't know exactly how many they have altogether.) N
63 42 58 72 ”
A parking lot has room‘for 8 rows of cars with 9 cars parked in each of =
those rows.
The parking lot has .the same
. .
number of cars in each of the 8 rows.  TRUE FALSE
How many cars can be parked in the parking lot?
.In ancther parking lot, trucks sre parked. Each truck takes the space of
’ 3 cars. There are 12 rucks in the parking lot and it is completely full.
1f there were 4 rows in the parking lot, how many cars could be parked in
’ each row?
O

ERIC | R<)
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when they mean 475 and they

wriie @ 1 when they mean 61.

~

- In Circleland, people write when they mean 8. TRUE FALSE

What do they mean when they write

63

630
603

¢ 306

What do they mean when they write ? 4,526

40,526

4,562
45,620 ,

45,260

2

O
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Everything weighs 6 times as’much on Earth as it does on the Moon.

Everything Qeighs 2 times as much on Earth as it does on Mars.

A box weighs more on the Moon than {t does on Earth.

TRUE FALSE IMPOSSIBLE TO
. TELL

A box weighs 24 pounds on the Moon. How much does it weigh on Earth?

'16 4 6o 26 144 impossible to tell

A dog called Rover Qeighs 4 pounds on the Moon,
Another dog called Spot weighs 12 podnds on Mars.

If both dogs were in the same place, then

Rover would weigh more than Spot
Rover would weigh less than Spot

Rover would weigh the same as Spot

~
. Impossible to t;ll

v
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This [s a rectingle.
6ft

o —The-rectangle 1s 4 feet long on one side and 6 feet long on another side. e

TRUE FALSE
The area of the rectangle 1s: 10 sq ft 20 8q ft 24 8q ft 100 sq ft
The area of the floor of a room pictured below 1is 96 sq ft. A small rug

13 on the floor.

The area of the floor not covered by the rug is: 79 sq 1t

4 TE . A 82 sq ft
o W
U
o4 RUG m 84 sq ft .
4 ft
89 sq ft
impossible to tell
;- ‘ : Measurements

¢ A gallon is larger than a pint. .
TRUE FALSE 2 cups =1 pint

» 2 pints = 1 quart
Snlve the sentence.

4 quarts
16 quarts = gallons -
2 half gallons = 1 gallon

1 gallon N

Solve the sentence.

2 gallons = cups

e
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L

The distance from A to ¥ is 23 cm.
The distance from U to A is 17 cm.
The distance {rom B to E is 14 cm.

C is half-way between B and D.

What is the distance from A to D?

wWhat is the distance from A to B? R

What is the distance from B to c?

The dining room of a ship has 14 tables. One-half of the tables-have
6 chalirs at each table and the other half of the tables have 4 chairs

at each table.
7 tables have 6 chalrs at each table. TRUE FALSE

What is the largest number of people that can sit in the dining room

ar one time? _

Another ship has 70 passengers. If all of the passengers and crewmen
are sitting in the lifeboats, there are 7 passengers and 2 crewmen in

each lifeboat.

0

How many crewmen ate on the ahip?

ERIC - ; :

Aruitoxt provided by Eic:
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Put a number in each to complete the numher patteru.

. Rosemarie had 30 pencils. She lost 16 of them,

She has fewer pencils now. . TRUE FALSE IMPOSSIBLE 10
" TELL

How many penclls does she have now?

L .

Kirk had~some picces of candy. He gave one-half of them to Mary.
Then he gave 3 pleces to Harold and had 6 pleces left.

How many pleces did he start with?

o

225
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n is the number of miles from Chicago to Detroit.
o
Detroit
. &
X \2
<> -
Cleveland
Chicago
Circle the true sentence: It takes n hours to drive from Chicago to Detroit.
-t n {s the number of miles from Detroit to Chicago. ‘
, It takes n hours to fly from Chicago to Detroit.

- n is the distance in miles from Detroit to Cleveland.

2(n) + 100 represents: The distance from Chicago to Cleveland.

A distance twice the distance from Chicago to Detroit.

A distance less than the distance between Chicago and
Detroit. N

A distance more than twice the distance between
Chicago and Detroit.

A < 8 .

The distance from A to C is twice the distance from C to B.

1f you drive from A to B and then ?ack to C, you will have gone:
4 times the distance from A to C

2 times the distance from A to C

B

[
Y
i

; times the distance from A to C

—
1

; times the distance from A to C

. _ r 296
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This is a picture of a cube.

Y

Circle the picture that has a ® on a face of the cube.

How many faces does a cube have? _

These are four views of the same cube.
W e Y ’ ®

Here is another view of the same cube.

e PY

Circle the figure that goes on the

¢« 0o 0O X (O e

RIC RRT

AR T
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A ferryboat never crosses the river unless it is full., The ferryboat'is

full when it holds 12 cars. The ferry is also full when it holds 8 trucks.
Cars and trucks are never on the ferryhoat at the same time,
Somctimes the ferryboat crosses the river with 10 cars,

TRUE  FALSE 1MPOSSTBLE TP
TELL )

In two trips, how many trucks could the ferryboat have carried?

12 16 24 none of these

“

The ferryboat made 4 trips across the river and carried 44 vehicles.

(Cars and trucks are vehicles)

Circle the sentence yhich could be true.
The ferryboat was f1lled with cars each time.
The ferryboat wasg filled with trucks each time.
The ferryboat was filled with cars more than one-half the time.
The ferryboat was filled with trucks'at least one-half the time.

None of the sentences is true.
A

Find the sums. - . - Find the missing numbers.

| + 250
143
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THESE PROBLEMS ARE ABOUT BALANCE BEAMS.

124. Which picture shows the balance beam in balance?

\)
®)

©)

196

|74

125.
Which sentence tells about the weighto@ lnd. ?
(A) EAJ weighs less than ‘
(B) m weighs more than . ¥
(C) mwetghs the same a3 .
(D) Imposeible to tell from the picture,
126,

Weights m and @ are put together on one end of the balance beam
and and m are put together on the nther end of the ‘balance

beam. Which picture shows how the balance beam might 1ook?

(Z) % Ly
(8]
(A
) A (C) ‘ A a
7 B
(A X

A ' (D) 1Impossible to ;_ell. from the

) picture,

239




197~

~

Flagge

16 miles

ago

19 miles
Alte ‘

127. The distance from Alta to pright {s:
(A) 7 milee -
(8) 12 miles ‘
(C) 16 miles ' , e

M) 19 miles

128. The shortest distance from Alta to Drago is:

.

" (A) through Bright

-

" (B) through Cable

. () Ehroug@ Elmtown . -

Fs

(D) through Flagge

T

129, The sign BRIGHT* 16 should be placad:

ELMTOWN 19

(A) 1in Drago _ (C) 1n Flagge
(8) 1in Alta " (D) 1n Cable
o ‘ _ (E) ,None of these
. 7
R3]
. L
O
ERIC
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THESE PROBLEMS ARE ABOUT FISHING.

Jack and Bob went fishing. They both caught two kinds of fish, trout and

pike. Bob caught 10 trout. Together they caught 18 trout and 10 pike.

Jack caught 15 fish,

130. How many trout did Bob catch?

)
(8)

10
15
18
28

None of these

131. How meny fish did they catch altogether?

)

®)
©)

)]
(E)

18
25
28
&3

Nong of these

132. How many pike did Bob catch?

()
®

Y ) 5
3 m 10

(E) None of thase

2
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THESE PROBLEMS ARE ABOUT DIFFERENT COLORED. HOUSES.

There sre 45 houses on Century Avenue. - The houses sre white, blue, yellow,
green, or grey. 18 of the houc;s sre white. There sre half as many blue
houses as whi;,s houses. 15 of ‘.the houses are yellow. Only 1 house

is grl‘y. »

™

133. . There sre more blue houses than white houles;
(A) True
(B) Folse

(C) 1Impossible to tell

134, There sre more blue houses then yellow houses.
« (A) True
(B) Fslse

(C) -Impossible to tell .

135. How meny of the houses are green?

(A o0 ’ oo () 2

(8) 1 o 5

(E) None of these

233
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THESF, PROBLEMS ARE ABOUT RElATiONSHIPS BETWEEN THINGS.

136, Which sentence tells about A €B?
(A) A is less than B.
(B) A is greater than B,

(¢) A s cqual to B.

" 137. The santences tell about the figures.

A<
BLC _
pDacide which figure is A, which is B, and which is C.

G -

Which of Jthe fouoviné has the correct ilettber ’written on each figure?
\ [;.] "

f | - ® G

. © [

® B

H 8 8 B

FEJEE]

('E). None of these

‘ 138, "I‘he fguowing threg sentences tell about the numbers A, B, C, and D,
" : . " cC+3=B 7 pgaA " gmpD-b
Whic:ﬁ of t;\e folléwing hu‘l_;he. ;\umbers A, B, C, D written in order
" from the smallest to the largest? )
(A) A,B,C D () B, C, A, D
' () C, B, D, A (®) B, A, D, C

(E) None of these

O

ERIC
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HESF. PROBLEMS ARE ABOUT BUYING PENCILS.

139,

lll‘f’b?

3for|
5¢

Both pencils cost the same.
(A) True
(8) False

(C) 1mpossible to tell

201

140.

How much would 8 of the 2¢ pencils cost?

(A) 8¢

(B) 14¢
(€) 16¢
(D) 26¢

(E) None of these

141.

ERIC v

Aruitoxt provided by Eic:

" What {s the greatest number of pencils you could buy for 27¢?

w 9 © 16
® 13 () 18

-(E) None of these




Jack lost some weight.

©

Carol lost half as much weight as Susan lost.

202

THESE PROBLEMS” ARE-ABOUT-WEIGHT-LOSS-

142. Jack lost mors weight than Susan.
(A) True
(B) False

_Impoulble to tell

Susan lost half as much weight as Jack lost. '

Carol lost 10 pounds.

)
®)
©
®
®

143, Which number tells how many pounds Susan lost?

5
10

20

40

None oé these

L4b. 1f Jack weighs 130 pounds now, how many pounds did hs weigh

before he lost weight?

(A)
(¢)]

Q

' ERIC

Aruitoxt provided by Eic:

. 140 ) () 160

150 ' (0y 170

(E) None of these
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4

— THESE PROBLEMS ARE ABOUT BLOCKS COVERING CHIPS.

Each of the four blocks = , % . , kil in the

picture below is covering a number of chips. The numbers below the

pictures tell how magy chips are covered by these blocks,

145. How many chips are covered

(A) ’2
(8) 4
© 9
(p) 11

(E) None of these

146. How many chips are covered

- () 12
(®) 15
c 17 . .
(D) 29

(E) None of these

147._ How many chipa are covered by 7
: ' (A o© © 5
®) & m) 8 i

(E) None of these

O

ERIC ’ '
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THESE PROBLEMS ARE ABOUT .CRAYONS.

Judy hss twice ss many creyons as Mike. Each has more crayons than

Karen. Mike hss 15 crayons.

o

148. Karen has the most crayons.
(A) True
(B) PFalse

(C) Impossible to tell

149, How many crlyom- does Judy hsve?

) 20
25
L ® .
© 30 °
o 4

(£) None of these

150, Which number ‘tells how many crsyons the three could hsve sltogether?

(You don't know exactly how many they have sltogether.) .
w 62 ' ) 63 : . ) -

(B) 58 o 72

(E) Nome of these

ERIC

Aruitoxt provided by Eic .
N K




, . E 205

——__ THESE-PROBLEMS ARE ABOUT A PARKING 1OT —_ - : —

A parking lot has room for 8 rows of cars with 9 cars parked in each of

‘those rows.

N 151, When the parking lot is full, the parking lot has the same number

of cars in each of the 8 rows.

(A) True
(8) False

(C) Imposaible to tell

152, How many cars can be parked in the parking lot?

(k) 8
®) 9
(c) 64
o 72

(E) None of these

153, In another.parking lot, trucks are parked. Each truck takea the
space of 3 cars. There are 12 trucks in the parking lot and it is
completely full, 1f there were 4 rows in the parking lot, how many

cars could be parked in each row?

M\ 9 (c) 36
3 12 (D) 48

(E) None of these

Q ’ 23(
ERIC | o |
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Sy PROBLENS ARE ABOUT HOW PEOPLE WRITE NUMBERSIN CIRCEREAND. — - - oo ommm e e
In Circleland, people write when they mean 475 and they
. vrite @ 1 vhen they mean 61,
‘ 1%4. - In Circleland, people write when they mean 8.
- (A) True . .
(B8) Pelse

(C) Impossible

155. What do they mean vhen they write

(A) 36

) 63
(c) 630
‘() 603

X
€ 306

156. What do they mean when they write 6® ?
() 4,526 () 4,562 @
() 40,526 (D) 45,620

(£) 45,260

‘El{lC
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# ON-THE, MOON, MARS, AMD EARTH. . ... . S,

St “‘f“fgg"?ﬂontﬁﬂs‘ARE“ABOUT““OW‘MUCR”T“INGSWuEXG

i Everything weighs 6 times as much on Esrth as it does on the Moon. =~
Everything weighs 2 times as much on Earth ss it does on Mars.
‘ ’ 157. A box weighs more on the Moon then it does on Esrth.
(A) True _ .
(B) False .
(C) 1mpossible to teil
. ——
158. A box weighs 24 pounds on the Moon. How much does it weigh on Esrth?

(A) &4 pounds

. (B) 6 p;unds
(C) 24 pounds .
(D) 144 pounds
(E) None of these

159. A dog called Rover weighs 4 pounds on the Moon. Another dog called

Spot weighs 12 pounds on Mars. V

[f both dogs were {n the same place, then
(A) Rover would weigh more (C) Rover would weigh the

then Spot. same as Spot.
(B) Rover would weigh less | (D) 1Impossible to tell
then Spot.
kL
s )
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THESE PROBLEMS ARE ABOUT AREA.

6 fra -
This {5 & rectengle. N N
_,".‘_:,, e (2] (o)
e 2 g y
6 ft. .
- 160. The rectengle ie 4 feet long on one side end 6 feet long on snother eide.
- (A) True
. (3) Faleas
(C) ~Imposeible to tell
N ) 161. The arsa of the rectengle 1s:
(A) 10 eq. ft.
(8) 20 sa. ft!
{C) 24 sq. ft.
(@) 100 sq. ft.
(E) None of theae
162. The srea of tha floor of s room pictured below is 96 sq. ft. A
emall rug ie on tha floor. 4 ft,
o w w
(2] (s
(a4 lad
. a ft. .
The ares of the floor not covered by the rug is:
. (A) 79 oq. ft. (C) B84 sq. ft.
(B) 82 oq. ft. (D) 89 sq. ft.
(E) None of these
[
2472
O
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THESE PROBLEMS ARE ABOUT LIQUID MEASURE. USE THE TABLE TO HELP YOU ANSWER
THE QUESTIONS. - .

Measurements
N 2 cups = 1 pint

e Pfﬂé‘ .- i.ﬂu.rgw..r.,_,—,,.v. e e o TEe S Bt P T

4 quar(n = 1 gallon

2 half gallons = 1 gallon

163. A gallon is larger than a pint.
~(A) True
N , (8) Fslso

AN (C) Impossible to tell

N 164, 16 qusrts = gallons., Which number will solve

the sentence?
nw 1
@) 2
© 3
o & -

(E) None of these

165. 2 gallons = cups. Which number will solve

the scntence?

(A) 4 , () 16
(B) 8 ' (py 32

.(E) None of these

ERIC 243
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THESE PROBLEMS ARE ABOUT MEASURING DISTANCES..

4 _
A B c_ D o

The distance from A to E is 23 cm.
The distance from D to A is 17 cm.
The distance from B to E is 14 cm.

~

C is half-wvay batween B and D.

166. Hh;t s the distance from A to D?
(AY &4 cm.
() 14 cm.
) 17 cm.
(@) 23 em,

(8) 40 cm.

: »161. What s the distance from A to B?

(A) 2 cm.

®) 9 cm.

(€) 10 cm.

R— (@) 12 cm,

(2) None of thase

Y

168. What is tha distance from B to C?
(A)Y &4 cm. I(C). 6 cm,
(B8) 5 cm, i (D) 10 cm.

(E) None of these

ERI
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" The dining room of a ship has 14 tables.
‘chllrs at each table

T Teach table.

169.

~

THESE PROBLEMS ARE ABOUT PASSENGERS ON A SHIP.

One-half of the tables have 6

and the other half of the tables have 4 chairs at

7 tables have 6 chairs at each table.

(A) True
(8) False : : .

(¢) Impossible to tefl

170,

What {s the largest number of people that can sit in the dining

room at one time?

n 14
®) 24
© 70

W), 140

(£) Nonc of these

Q
ERIC -

171.

Another ship has 70 gnn.engerl. If all of the passengera and crewmen

are sitting in the lifeboats, there are 7 paasengera and 2 crewmen in

gnch 1{feboat. How many crewmen are on the aship?
M\ 2 () 20

® 16 (® 70
(2) None of these
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THKSE PROBLEMS ARE ABOUT NUMBER PATTERNS ,

Which number belongs in the to complete the number patterm.

(A) 3

) 5

(p) 8

173, & 7 10 16 19

M\ 9

(8) 10

© 13
. (@ 15 ,

(E) None of these

e, 1,2 4 7 16 22
w 9 ) 1
A 10 @ 13

d (2) None of these

ERIC

r
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THESE PROBLEMS ARE ABQUT PENCILS AND CANDY.

Rolamarie had 30 pencils. She lost 16 of them.

t

213

175 She has fewer pencils now,
(A) True \
.(B) Fnkse
(3] Vlmg;ssible to tell
176. How many pencils does she have now?
‘ (A) 14
® 16
(o) 2
’ (D) 26
{E) None of these
177. Kirk had some pieces of candy. He gave one-half of them to

O

ERIC B

Aruitoxt provided by Eic:

many pleces did he start with?

K 9

(1) 10

' Mary. Then he gave 3 pieces to Harold and had 6 pieces left.

(©)
(D)
(E)

None of these

How




THESE PROBLEMS ARE ABOUT MEASURING DISTANCES BETWEEN

CITIES.

n is the number of miles from Chicago to Detroit.

R

Aruitoxt provided by Eic:

B Cleveland
Chicago
- 178. Which is the true sentence?
(A) 1t takes n hours to drive from Chicago to Detroit.
e N (3) n is the nﬁmbet of miles from Detroit to Chi;de.
© It tlkea n hours to fly from Chicago to Detroit.
* ' (D) n is the distance in miles from Detroit to Clevaland
179. 2(n) + 100 represents:
(A) The dis:lnce from Chicago to Cleveland.
o (8) A distance twice the distance from Chicago to Detroit.
B (C) A distance less than the distance between Chicago and
Detroit. .
‘”(D) A distance moté than twice the distance between Chicago
and Detroit.
(£) None of these
A C 8 B
180. The distance from A to C is twice the distance from C to B. If\;éu‘
. drive from A to B and then backpto C, you will have gone:
(A) & times the distance from () 1% times the distance
A to C. = from A to C.
(8) 2 times the distance from (@) 1} times the distance
\ A to C. from A to C.
(E) None of these
243
!
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i

7
|" THESE PROBLEMS ARE ABOUT A CUBE.

i

0

This 1s a picture of a cube.

181. Which picture has a @ on & face of the cube?

(A) ;

(8)

N ’ ’ (©)

182. How many faces does a cube have altogether?

A) 3 . ¢
®) 4
- | © 5 ’
™ 6

(E) Nonc of these

A 3

183. These are four views of the same cubes,
N\

N \ =

(<) N
» |0 o X9 Ix
[ N
o]
Here is another view of the same cube. ,Whi}:h\ figure goeé on the

N

08, 3 © X
o o S
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THESE l’hOBLEMS ARE ABOUT A FERRYBOAT CROSSING A RIVER. ‘
A [crryboat never croases the river unless it is fulli The [erryboét is
full when it holds 12 cars. The ferry is also full when {t holds 8
trucks. kc-:- and trucky are never on the ferryboat at th? same time.
184, Sometimes the fervyboat crosses the river with 10 cars.

(A) Truc

(®) PFalse

(C) Impossible to tell .
195. In_two trips, how many trucks could the ferryboit have carried?

a 8 "

®) 12

) 16

(@ 2

() None of these
186. The ferryboat made &4 trips across the river and carried 44 vehicles.

(Cars and trucks l;e vehicles) Which of the following sentences
could be true? | ‘ .
(A) The ferryboat was filled (C) The ferryboat was filléd
with cars each time. with cars more than one-half
the time. )
(B) The ferryboat was filled (D) The ferryboat was filled with
S ‘ with trucks each time. trucks at least one~half
the tixpe.

(E) None of these

LA
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THESF. PROBLEMS ARE ABOUT FINDING SUMS OF NUMBERS.

Do
~

187. What is the answer to #

) 14
! @) 15
(c) 16

(o) 17

217

463
188, What is the answer to *+ 296 7

T (A 659
(8) 669
) 759
(D) 769

(£) None of these

N
189. Which number belongs in the

- 305
+250
NG 3

@a o

(B) 1

ERIC | 25]
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©) 8

® 9

(E) ‘None of these
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POTENTIAL ITEMS FOR INCLUSION IN A SCALE
TO MEASURE STUDENTS'ATTITUDES TOWARD PROBLEM SOLVING

A The next few pages contain a list of statements which purport to

measure fourth grade students' attitudes toward mathematical problem solving.
Included are statements reflecting children's beliefs about the nature of
some kinds of mathematics problems, the nature of the problem solving process,
the desirability of persevering when confronted with a difficult problem, and
the value of generating many ideas. Some statements refer to children's
ability to succeed in problem solving situations while others deal with
sources of children's anxiety in not knowing how to go about sblving problems
or the fear of being incapable of effective thought. ’

Many more statements are included in this list than will be used on the
final student problem solving attitude scale. Children will be asked to
respond to each item by checking one of five responses:

___ Really agree
Agree
Can't decide
Disagree

___ Really disagree

¢

Your candid reactions to the items are solicited and appreciated.

Questions for the reviewer:

(1) 1In your opinion, is the statement one which would help to reflect
a student's attitude toward problem solving?

(2) 1If yourresponmse to (1) is affirmative, does the statement seem
to reflect a relatively favorable or relatively unfavorable
attitude toward problem solving? Please so indicate before
the item.

(3) 1If your respohse to (1) is negative, place an X on the number
" of the item.

PLEASE FEEL FREE TO COMMENT ABOUT, OR MAKE CHANGES IN, ANY ITEM.
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The nature of the problem solving process:

1.

10.

11.
12.

13.

14.

15.

16.

17.

I don't café*how long it takes me to work a problem, just
as long as I'm careful. g

After I have solved a problem, I like to 8o back and check
to see if my answer makes sense.

If I don't see how to solve a problem right away, I try
different things to see if something might work.

I don't worry about making a mistake in 'solving a problem,
just as long as I finish quickly.

Before I solve some problems, I 1ike to stop and think about
them.

After I read a problem and before I solve, I think about what
I know and what I don't know in the problem. ‘

In math there is always a rule to go by to solve a problem.

" After I solve a problem, I think it's silly ?o go back and

check to see 1f my answer makes sense. ;
I 1like to tell my friends about things I havé done 1in math.
I don't like to solve sentences like 21(CJ) = 88.

I would rather be in a spelling contest than in a problem
solving contest.

You have to be careful when you solve a math problem, because
some problems don't have answers.

"I try to read a problem very carefully before I solve 1it.

To solve a problem, you have to put the things you know .
together with the things you don't know. ‘

I 1ike to solve sentences like 11() + (t]) = 56.

Before I solve a problem I like to write down some of the
things I know about the problem.

It's a good idea to really think about a math problem, because
some problems have many answers.




18.

19.

20.

21.

22.

23.

24,

25.

26.

221

I like to draw pictures to hélp me solve some pfoblems.

I like to -solve puzzles.

I don't like games that make you think.

It is fun to think about math problems outside of school.
I like to try new games; )

1 like to play games that-really make you think.

Puzzles are dumb.b

I think it's silly to draw pictures to help solve a problem.

Puzzles are fun.

Success in solving problems:

27.

28.

29.

30.

31.

32.

‘33,

34,

35.

1f I had a hundred years, I don't think I could solve some
problems. .

I don't mind taking a chance on making a mistake when I try
to solve a problem.

Trying to solve a new type of math problem is too hard for me.

There are too many chances to make a mistake in solving math
problems.

If I had plenty of time, I could be better at solving problems.
It is hard for me to really think about what I'm doing in math.
I can solve puzzles as well as most of my friends can.

There are 8o ﬁany rules to learn in math that I just can't
solve problems very well.

I can do math problems about as well as most other boys or
girls in my class.




The enjoyment of solving mathematics problems:

222

36.
37.

38,
39.
40.

41,
42.
43.
b4,

45.

e
Wi
s

46.
47.
48.

49,

50.

Discovering how to solve a new math problem makes me feel happy.
Doing m&fh probiems is fun.

I like fo do math problems that are quick and easy.

I don't like to work on math problgms outsidé of school.

I never get tired of working With numbers.

T wish we could spend more time in school doing math problems.
Math 15 one of my favorite subjects in school.

1 1like to figure and reason out math problems.

Sometimes I do extra work in math just for fun.

Doing math problems 1is boring.

Solving math problems is dull.

I don't enjoy solving any kiﬁd of math problem.

I like most othér school sﬁbjectszbetter than math.

Trying to discover how to solve a new math problem gives me
a pain. '

1 would rather do almost anything else than try to solve a
math problem.

Anxiety when solving problems:

51.

52.

53.

There 1is so much hard work in trying to solve a math problem
that sometimes I just want to throw my paper away.

Sometimes I get very upset if I can't solve a problem.

There are just too many steps needed to get the answers to
math problems.




My mind goes blank, and I can't think straight when working
math problems.

55. I don}t understand how some students think that solving math
problems is fun.

56.  No matter how hard I try, I can't understand how to solve math
problems. '

57. It makes me nervous just to think about having to do a math
problem. -

58. Math problems make me feel like I'm lost in a juhgle of
_ numbers and can't find my way out.

59. I am afraid of doing problems.

60. I get very mad when I can't solve a math problem.

Reactions to mathematics problems:

61. Math problems are dumb.

62. I like the problem
359 + 574 — 684 + 999 + 466 - 72 + 839 =[]

better than the problem

Jane is half as tall as Dick. Joe is half as
tall as Jane. Mark is half as tall as Joe.
Dick is 60 inches tall. How tall is Joe?

63. The feeling that I have toward math problems is a good feeling.
64. I don't like any kind of math problem.

65. Math problems are fun.

66. Most problems in math are very interesting.

67. T would like math problems better if they weren't so hard.

Math problems are easy to understand.




69.
70.
71.

72.

Id
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Math problems are more like games than hard work.
I like tricky math problems.
The feeling that I have toward math problems is a bad feeling.

Math problems are never interesting.

 Perseverance in solving problems:

73.

74.

75.

76.

77.

78.

79.

80.
81..

82.

When we don't do all our math problems in class, 1 like to think
about them later, even if we don't have to.

I don't like to do problems unless I see how to work them right
away. : e

There are too many steps needed to get the answer to a math
problem. ‘

I would rather have someone tell me how to solve a hard problem
than to have to work it out for myself.

I can't make myself think about a problem long enough to solve it.

I would rather solve a problem myself than have someone show me
how to solve it. »

Wwhen I have a problem that I can't solve right away, I stick with

it until I have it solved.

Most math problems take too long to solve.
When I have a problem that I can't solve right away, I just give up.

When we don't do all our math problems in class, I don't like to
even think about them later. ’

258 \




- oL " -~ STUDENT SCALE
. . (Pilot),

v -

»

" DIRECTIONS: 1In this part of the booklet are some statements that are not

finished. We want you ‘to finish each stacemgnc by telling us
Here is an example to show

how you feel about the statement.

you what to do.

EXAMPLE: The way I feel about doing subtraction problems is

Put an X on the face that tells how you feel about the statement.

Remember, there are no right or wrong answers. You'may not feel the

same way that other students do, but chgt is all right. Just mark exactly

how you feel.

When you cbme to the word STOP, wait for directions before going on.

YOU MAY TURN THE PAGE AN BEGIN.

Published by the Wisconsin Research and Dévelopment Center for Cognitive Learning,
supported in part as a research and development center by funds rrom the National
Institute of Eduo.tlén, Department of Hedlth, Fdycation, and Welrare. The opinions
expressed herein 4o not necessarily reflect the positior or policy of the National
Institute of Fducation and no official endorsement by that agency should be inferred

Center Contract No. NE-C-00-3-0065
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1. Talking about things we do in math makes me feel

2. The way 1 feel about hard math problems is

©00 OO

3. The way I feel about solving puzzles is

©OOOO

4. TFinding out how to solve a new kind of math problem makes me feel

©O©O G

5. The way I feel about long math problems is

OO

[ TR
‘u\)")

226
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N \

. 6. Thinking aboﬁt math problems outside of school makes me feel

i

R f
- . . .

7. The wav I feel about drawing pictures to help me solve some problems is

. . ) - /{.,{
\ @ @ @ ‘ ’
8. The way I feel about math class is- \ ) ) »-*‘ R

)

9. Trying new kinds of games makes me feel

»

10. The way I feel about doing math problems is

000006
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{
!

11. The way 1 feel about playing games that really make %7u think is
/
N /

12. Trying to work a new kind of math problem makes me feel .
13: The way I feel about tgicky math problems is/

@@d@Q

/

/
!

14, 1f we spent more time in school doing mat# problems, I would be

elele}ele

1

uSTO?. WAIT FOR MORE DIRECTIONS EFORE GOING ON.
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In this next paft are some statements made by boys and girls like you.
We want you to read the statements and then tell us how you feel about them.

Here 1s an example to show you what to do.

EXAMPLE: I like to work addition problems.
REALLY AGREE
AGREE
CAN'T DECIDE & | -
DISAGREE
REALLY DISAGREE

—

"Put an X in the blank which tells how you‘feel about  the statement.

*:jk I1f you feel the same way about the statement, put an X by AGREE.
If you really feel the same way, put an X by REALLY AGREE.

1f you don't feel the same way, put an X by DISAGREE.

1f you really don't feel the same way, puE an X by REALLY DISAGREE.
If you are not sure how you feel, put an i by CAN'T DECIDE.

There are no right or wrong answers in this part elther. Just mark
exaétly how you feel.

when you finish, put your pencil down and wailt quietly for the rest

of the class to finish.

2673
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15.

16,

17.

18.

230

1 have a hard time thinking when I try to work a math problem.
__ REALLY AGREE
__AGREE

__CAN'T DECIDE

_DISAGREE

____REALLY DISAGREE

Math problpms are more like games than hard work.
_ REALLY AGREE ’
__AGREF,
_ CAN'T DECIDE »
____ DISAGREE | P —
___ REALLY DISAGREE {

After I get an answer to a problem, I think it's silly to go back and
check to see if my answer makes sense.

___ REALLY AGREE
___AGREE
77777 CAN'T DECIDE
__ DISAGREE
_ REALLY DISAGREE

] like the problem
359 + 574 - 684 + 999 + 466 - 72 + 839 =i I
better than I like the problem

Emily is half as tall as Darrell. Andy is half
as tall as Emily. Chad is half as tall as Andy.
Darrell is 60 inches tall. How tall is Andy?

~ REALLY AGREE
_ AGREE
~__CAN'T DECIDE
__DISAGREE
___REALLY DISACREE

261




| - N

231

19. I would rather work a problem myself than have someone show me how
to work it.

____ REALLY AGREE
__ AGREE
_____CAN'T DECIDE
____ DISAGREE
_____REALLY DISAGREE

C& 20. There are just too many steps needed to get the answers to most math problems.
' ___ REALLY AGREE |
_____ AGREE

______CAN'T DECIDE

_____ DISAGREE

_____REALLY DISAGREE

21. It ﬁakes me nervous just to think about having to do a math problem.
____ REALLY AGREE ’
_____AGREE
______CAN'T DECIDE
__ DISAGREE
_____REALLY ‘ DISAGREE

22. I can do math problems about as well as most other students in my class.
____REALLY AGREE
___ AGREE
___CAN'T DECIDE
- _DISAGREE
___REALLY DISAGREE
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23. Trying to solve a new kind of math problem is hard for me.
___ REALLY AGREE , ‘ : | .
__ AGREE
_____CAN'T DECIDE
____ DISAGREE s
. __REALLY DISAGREE '

24. 1 don't mind taking a chance on making a mistake when [ golve a problem.
S REALLY AGREE i :
~ _AGREE
____CAN'T DECIDE

____ DISAGREE

__ REALLY DISAGREE

25. Before I work some problems, I like to stop and ttink about them.
___REALLY AGREE
__AGREE
_____CAN'T DECIDE
__ DTSAGREE

_ REALLY DTSAGREE

26. 1 can't make myself think about a problem long enough to solve it.
___ REALLY AGREE

‘ . ,,AGREE

__.CAN'T DECIDE

~_ DTSAGREE

__ RFALLY DISAGREE

\e 256
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27. T try to read a problem carefully before 1 solve it.

_____REALLY AGREE ' )
____ ACREE , , \
____CAN'T DECIDE |

s DISAGREE

_REALLY D1SAGREE

28; 1 would rather do almost »nything else than try to solve a math problem.
____REALLY AGREE | ‘
____ AGREE '
_____CAN'T DECIDE | -
____DISAGREE
. ___ REALLY DISAGREE

29. When I have a problem that I can't solve right away, I stick with it
until I have it solved.

__REALLY AGREE

___ AGREE A

____CAN'T DECIDE

_ DISAGREE | .
*__ REALLY DISAGREE

30. 1 don't understand why some students think that solving math problems is fun.

___ REALLY AGREE : : ]

 __ _AGREE '

____CAN'T DECIDE
__DTSAGREE
___REALLY DISAGREE




31.

32.

33.

34,

234

I don't iike to do problems unless I see how to work them right away.

____ REALLY AGREE

____ AGREE

____CAN'T DECTDE
__DISAGREE

_ REALLY DTSAGREE

I am afraid of doing math problems.
_____REALLY AGREE

____AGREE

_____CAN'T DECIDE

_____ DISAGREE

____ REALLY DISAGREE

‘No matter how hard I try, I have trouble understanding math

___ REALLY AGREE
___AGREE
___ CAN'T DECIDE
 DISACREE

__REALLY DISAGREE

If [ don't see how to solve a problem right away, I like to
things to see Lf something might work.

REALLY AGREE
___AGREE
_CAN'T DECIDE

_ DISAGREE
 REALLY DISAGREFE

L

problems.

try different
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. 35. Math problems are dumb.
__ REALLY AGREE.
_ AGREE'
____CAN'T DECIDE
_ DISAGREE
___ REALLY DISAGREE

36. After I read a problem, I like to think about what I know and what I
don't know in the problem.

___ REALLY AGREE
__ AGREE

~"  CAN'T DECIDE
_____ DISAGREE
__ REALLY DISAGREE

37. Before I work a problem it ;ometimes helps to write down some of the
;hings I know about the problem.

____ REALLY AGREE
____ AGREE
____CAN'T DECIDE
_____ DISAGREE
__REALLY DISAGREE

38. Math problems make me feel like I'm lost in a jungle of ‘numbers and
can't find my way out.

___REALLY AGREE
__AGREE
____CAN'T DECIDE
____ DISAGREE
____ REALLY DISAGREE

289
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39. There are so many rules to learn in math that I just can't solve
problemg, very well. :

____REALLY AGREE .
____AGREE
_____CAN'T DECIDE

__DISAGREE

___REALLY -DISAGREE

40. I don't worry about making a mistake when I work a problem, just as
long as 1 finlsh quickly. -

 REALLY AGREF.
% AGREE

_ CAN'T DECIDE
__DISAGREE

_REALLY DISAGREE
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POTENTIAL\ITEMS FOR INCLUSION IN A SCALE
TO MEASURE TEACHERS'ATTITUDLS TOWARD PROBLEM SOLVING

{

The next few pages contain a list of statements which purport to
measurce ¢lementary’ Lcachcr attitudes toward mathematical problem solving.
For comparative purpos ses, and insofar as possible, the items "parallel"
those included in the student list.

Many more statements are included in this ‘1ist’ than will be used on
the final teacher problem solving attltudo scale. o Teachers will be asked to

respond to each item by checking one ‘of five responses:
__Strongly agree .
__Agree
";Undecided
N\ - Disagree

::Strongly disagree

Your candid reactions to the items are sojicited and appreciated.

Questions for the reviewer: . 3

(1) 1In your oplnion, is the statement one which would help to reflect
a teacher's attitude toward problem solving?
Ty
(2) TIf your, response to (1) is affirmative, does the statement seem
to reflect a relatively favorable or relatively unfavorable
attitude toward problem solving? Please so indicate before
the item. '

(3) TIf your response to (1) is negative, place an X on the number ’
~of the item.

PLEASE FEKIL, FREE T0O COMMENT ABOUT, OR MAKE CHANGES IN, ANY ITEM, *




The nature of the problem solving process:
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1.

2.

O

10.
11.
12.
13.
14.
15.
16.

17.

18.

19.

Accuracy in solving a problem is more important than speed.

Few mathematics problems require one to stop and think before
solving. '

. After solving a problem, it is of little value to go back and

check to see if the answer makes sense.

A person should be careful in solving mathematics problems
because some problems do not have answers.

I do not like to solve puzzles of any type.

It is a waste of time to draw a figure to help solve a mathematics
problem.

Accuracy 1is of little impor;ad&e in solving a problem, as long as
an answer can be obtained quickly.

After reading a problem, and before solving, it is a good idea to
think about the known and unknown factors in the problem.

I enjoy trying new games.
I prefer relaxing games to those which make one think.
I enjoy playing games that really make a person think.

When a question about a mathematics problem is left unanswered,
T 1like to think about it later.

I havé.always enjoyed solving number sentences.
Drawing figures to help solve problems is ﬁelpful.

1f a person does not see how to solve a problem right away,
it is a good idea to try different approaches to see if something

might work.

After solving a problem, it is a good idea to go back and check
to see if the answer makes sensé. . .

v

Mathematics is little more than a) series of rules to be learned
before solving problems. .

[ enjoy solving all types of puzzles.

It is a good idea to think carefully about a mathematics problem

* because some problems have many answers.
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Success in solving problems:

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

The number of rules one must learn in mathematics makes solving
problems difficult.

There are too many chances to make a mistake when solving
mathematics problems.

Even if I had unlimited time, I do not think I could solve some

mathematics problems.

I have always been able to solve puzzles as well as most of the
people I (Kiow. ’ :

“Trying to solve a new type of mathematics problem is difficult.

[ often have difficulty in knowing how to go about solving a
problem. :

1 do not mind solving problems if T see how to work them right
away.

If T had plenty of time, I believe I could be successful at
solving most mathematics problems.

A person should -not mind taking a chance on making a mistake
when solving a problem. :

I believe I am as successful at solving mathematics problems as
most other elementary teachers.

Enjoyment of solving problems:

30.

31.

32.

33.

34.

35.

36.

37.

Doing mathematics problems has always been fun for me.
I enjoy solving all kinds of problems.

Discovering the solution to a new mathematics problem is
exclting.

[ always liked most other school subjects better than mathematics.

I have always enjoyed doing mathematics problems as long as they
are easy and uncomplicated.

Mathematics was one of my favorite subjects in school.
I' have usually found mathematics to be a dull subject.

I do not particularly like doing difficult mathematics probiems.

279
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38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Solving mathematics problems is boring.
I have always enjoyed solving mathematics problems.
Méthématics problems are something I enjoy a great deal.

1 have always thought that mathematics problems are more like
games than hard work.

1 enjoy working on a tricky mathematics problem.

1 have always considered mathematics problems to be a form of
drudgery. ‘ ‘

The feeling that I have toward mathematics prOblemé is a
pleasant feeling.

Mathematics problems take too long to solve.
Most probléms in mathematics are not very practical.
T have always found mathematics problems to be dull and boring.

I have always felt that mathematics problems are fascinating
and fun. 4

Mathematics problems, generally, are very interesting.

Most mathematics problems are frustrating.

Anxiety when solving problems:

51.

52.

53.

54.

55.

56.

T have trouble understanding why some students think mathematics
problems are fun.

I often find myself unable to think clearly when working
mathematics problems. .

1t often makes me nervous to think about ﬁaving to solve
difficult mathematics problems.

Mathematics problems often make me feel as though I am lost in a
jungle of numbers and cannot find my way out.

Trying to discover the solution to a new problem is a frustrating
experience.

I tend tO get very upset with myself if I do not see how to solve
a difficult problem.
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- 57. Some mathematics problems just involve too many steps to bother
with solving them. i

- 58. Regardless of how much effort I put forth, I still experience
a feeling of confusion when solving mathematics problems.

59. One might say that I have a fear of solving mathematics problem=.
: » \
L )

Perseverance in solving problems:

60. I would rather have =scueone tell me how to solve a difficult
problem than to have to work it out for myself.

61. If I cannot solve a problem right away, I like to stick with it
until I have it solved. -

62. 1 have difficulty making myself think about a problem long
enough to solve it.

63. I do not particularly enjoy thinking about mathematics problems
outaide of school.

64. I have always felt that there are too many steps necessary to
solve most mathematics problems.

£y

65. I enjoy thinking about mathematics problems outside of school.

66. 1 have always found it difficﬁlt to concentrate on mathematics
problems for a very long period of time. '

67. Most mathematlcs problems, other than thevsimélest types, také
too long to solve. ;

68. 1 would rather solve a problem myself than have someone show
me how to solve it.

69. If I cannot solve a problem right away, I tend to give up.

70. I can always find time to work on mathematics problems.

The teaching of problem solving:

71. 1 encourage my students to use trial-and—-error when solving
many math problems.

72. 1 like to stress with my students that there are often many
different ways to solve the same problem.




74.

75.
. 76.
77.
78.
79,
80.
8l.

82.

- 83.

84.

85.

245

A teacher should always do sample problems for students before
making an assignment.:

I think students should be encouraged to use the method that
suits them best when solving a.problem.

I like to spendAmuch of the time in math class showing students
how to work problems.

Students need drill in problem solving skills just as they need
drill in computational skills.

A teacher should insist that students find their own methods
for solving problems. ' v

Memorizing procedures to solve problems is helpful for most
students.

I like to emphasize with my students that, in mathematics,
some problems have many answers, and some problems have no answer.

Knowing how to compute 1is about all that is necessary for
solving most math problems.

I encourage my students to ¢heck their answers to pinblems
to see if the answers actually make sense.

Studehtsvwhp do not see how to solve a problem right away
should be encouraged to try and think of another problem
like that one.

A teacher should demonstrate models for solving problems so
the students can imitate them.

I 1like to encourage my students tc adopt a stop-and-think
attitude when solving problems. '

The development of computational skills should take precedence
over the development of problem solving skills in the teaching
of elementary mathematics.
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TEACHER SCALE
(Pilot)

On the next few pages are some statements related to mathematical
problem solving. Read each statement, think about it, and mark the response
which best represents your feelings with regard to the statement. Five

possible responses are listed for each item.

Published by the Vliconaln Research and Development Center for Cognitive Learning,
supported in part as a research and development center by funds rom the Natinonal
Institute of Ldueation, Department of Health, kKducation, and Well'ape The »opinions
expressed herein do not necessarily reflect the position or poliny af the Hational
Institute of Education and no official endorsement by that agency should be inferred

Center Contract No. NE-C-00-3-0065
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I have always found solving mathematics problems to be dull and
boring.

— Really agree
Agree

Can't decide
Disagree

____Really disagree

1 enjoy playing games that involve some intellectual challenge.

———Really agree
_Agree
Can't decide
Disagree
~—::Really disagree

The feeling that I have toward mathematics problems is a pleasant
feeling.

‘__ﬁ;Really agree
_____Agree
_____Can't decide
_____Disagree

) Really disagree

I do not like to solve puzzles of any type.

____Really agree
Agree
Can't decide
B Disagree
“::::Really disagree

(One might say that I have a fear of solving ﬁathematics problems.

_ _Really agree
____Agree

_Can't decide
___Disagree
:n__Beally disagree

Regardless of how much effort I put forth, I still experience a feeling

of confusion when solving mathematics problems.

__Really agree
_Agree

__Can't decide

_ __Disagree

___Really disagree




%

L1l.

10.
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After solving a problem, it is of tittle value to go back and check Lo
gee Lf the answer makes sense.

____Really agree

_Agree

_Can't decide
Disagree

1 eﬁjoy thinking about mathematics problems outside of school..

__Really agree

N

__Agree N
____Can't decide ' \\
___Disagree ’
___Really disagree

‘Trytng to solve a new type of mathematics prdblem is a frustrating

experience.

___Really agree
___Agree
~_Can't decide
_Disagree
___Really disagrec

1 have always thought that mathematics problems are more like games
than hard work. :

______ Really agree
Agree
" Can't decide
Disagree

___Really disagree

It T cannot solve a probkem right away, I tend to give up.'

© __Really agree
_Agpree '
__Car't decide

_erlgngree
Really disagree

| belfeve | am as successful at solving mathematics problems as most
other teachers.

~Renlly agree

_Agree

~Can't decide
-_;_Disagree
___Really disagree
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13. Mathematics problems, generally, are very interesting.
___Really agree
__Agree
_Can't decide
Disagree

__Really disagree

. ‘; . -
14, Mathematics problems take too long to solve.

__Rea lly agree
_ _Agree
,wm"__can'f decide

___Disagree
___Really disagree

15. The number of rules one must learn in mathematics makes solving
problems difficult.

____Really agree T ottt
_____Agree »
~__Can't decide
___Disagree
~__Really disagree

16. Mathematics problems often make me feel as though I am lost in a jungle
_of numbers and cannot find my way out.

__Really agree
___Agree
___Can't decide

__.__Disagree
___Really disagree

17. Doing mathematics problems has always been fun for me.

_ Really agree

____Agree
~__Can't-decide
~ Disagree , .
__Really disagree ’ AN
18. | have trouble understanding why some students think mathematics

problems are [un.’

Really agree
Agreco
Can't decide - } — .
Disagree )
_Really disagree

ERIC ' <6




If I had plenty of time, I believe I could be successful at solving
..most mpthem&tics problems.

N ‘
B Really agree

Agree

Can't decide

__Disagree
__Really disagree

1f a person does not see how to solve a problem right away, it is a
good fdca to try different approaches to see if something might work.

__Really agree
~___Agree

~__Can't decide

- Disagree
___Really disagree

I enjoy trying new games.

. _Really agree
____Agree
~___ GCan't decide
~___ Disagree
..__deally disagree

1 enjo& solving puzzles.

Renlly agree
" 1
- _Agree
- _Can't.decide
_Disagree
Really disagree

H

Drawing digures to help solve some problems is helpful.
'B}nlly agree ‘
_Aprce

_Can't decide

- .D‘

R

o isagree
eally disagree

Most mathematics problems are frustrating.

Rial by apree
‘ /\bﬂl oo T

Gan't doeide
Bisagriee

Really disagree
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«

25. | do not mlnd solving mathematics problems if I sece how to work them
- rlght away.

___Really agree
___Agree
_Can't decide

~___Disagree :
___Really disagree \ « .

26. 1 have difficulty making myself think about a problem long enough to

?olve it.
! .

i __ _Really agree

.| Agree
: ___Can't decide
k{ 77 Digagree

__Really disagree

27. 1 enjoy working on a tricky mathematics problem.

___Really agree

~__Agree

___Can't decide
Disagree

" "Really disagree

28. After reading a problem, and before solving, it is o good idea to
think about the known and unknown factors in the problem.
Really agree .
_____ Agree
~___Can't decide
- B Disagree

-;:keally disagree

29. I do not particularly enjoy thinking about mathematics problems outside
of school.

_ _Really agree

~_Agree . .
Can't decide

~_Disagree
Really disagree

30. I would rather solve a problem myself than have someone show me how to
aolve 1t.

_Really agree
_Agree

 Can't decide
_ Disagree
Really disagree




31.

32.

- 33.

34.

35.

36.
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After sol@ing,a problem, it is a good idea to go back and check to see
if the answer makes sense.

Really agree
_Agree
__Can't decide
Disagree

;_g_hBeally disagree

I enjoy solving all kinds of problems.

___Really:agree
__Agree
____Can't decide

. _Disagree
___ Really disagree

Some mathematics‘problems just involve too many steps to bother with
solving them.

____Really agree

) ____Agree

___Can't decide
Disagree

:::::Really disagree

I have always considered mathematics problems to be a form of drudgery.

___Really agree
B Agree

Can't decide
Disagree

_ Really disagree

It is a waste of time to draw a figure to help solve a mathematics
problem.

Really agree
~ Agree
~ Can't declde
) Disagree
~_ Really disagree
Trying to discover the solution to a new type of mathematics problem
{s an exclting experience.

~ Really agree
_Agrece

_Can't decide
~___Disagree

. Really disagree




37.

38.

39.

40.

41.

42.
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1-often find myself unable to think clearly when trying to solve
mathematics problems.

___Really agree ] a
Agree ' '
Can't decide
Disagree
____Really disagree

Mathematics problems are something I enjoy a great deal.

Really agree
__Agree
__ - _Can't decide
_____Disagree
;____Really disagree

If T cannot, solve a problem right away, I like to stick with it until
I have it solved.

Really agree

Agree

Can't decide
_____ Disagree

Really disagree

A person should not mind taking a.chance on making a mistake when solving
a problem.

____Really agree

~__Agree

__Can't decide
Disagree

" Really disagree
Most mathematics problems, other than the simplest types, take too long
to solve.

____Really agree

_Agree ) '
~Can't decide

~_ Dlsagree

~ Really disagree

<
When a question about a mathematics problem is left unanswered, I like
to think about {t later.

Really agree
Agpree '
Can't decide
___ Disagree
~_ Really disagree

f v e
VY,




45.

46.

47.

48.
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| am challenged by mathematics problems I cannot immediately solve.

. Really agree

_Agree

Can't decide
Disagree

__ _Really disagree -

It is a good idea to think carefully about mathematics problems, because

some problems have many answers.

~__Really agree

___ Agrec

___Can't decide
Disagree

___Really disagree

Discovering the solution to a new mathematics problem is exciting.

__Really agree
__Agree _
___Can't decide

____Disagree
- _Really Qisagree-

|t makes me nervous to think about having to solve difficult
m:athematics problems.

__Really agree
Agree .

T:;pisagree .

~_Really disagree

I do not particularly like doing difficult mathematics problems.

___Really agree
_Agree

Can't declde
" Disagree

.LiRenlly disapree

| have always found it difficult to concentrate on mathematics problems
for a very long perlod of time.

__ Really agrece
_ Agree
_Can't decide
~_Disagree
__ _Really disagree




255

49. Mathematics is little more than a series of rules to be learned before
solving problems.

Really agree
Agree
Can't decide
Disagree
. Really disagree : , .

50. I would rather have someone tell me how to solve a difficult problem
than to have to work it out for myself.

Really agree
Agree :
Can't decide
Disagree

Really disagree
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APPENDIX D

MATHEMATICAL PROBLEM SOLVING ATTITUDE SCALES
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N YOUR FIRST NAME

4 .
o° . TEACHER'S NAME
Girl
. ‘ Boy
(Time 1)
Experimental Copy
. © 1975 - The Regents of'the University of Wisconsin System for the Wisconsin
. Research and Development Center for Cognitive Learning.
ropyright is claimed only during the weriod of development, test, aqd evaluation,
‘ unless authorization 13 reccived from thie National Institute of Fducation to

claim copyright on the final materials. For the current copvright status, contact
either the copyright proprietor or the Kational institute of Fducation.

[

1

Published hy the Wisconsin Research and Deva'ispment Center for Cognitive Learning,
supporied in part as & rescarch and development centar by funds from the National
Institute of Education, Department of Hesilth, Fducation, and Welfare. The opinions
expreascd herein do not necessarily reflect ihe position or policy of the National
Institute of Fducation and no official endorsement by that agency should be inferred.

Center Contract No. NE-C. 00-3-06065
Q ’
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: PART I

DIRECTIONS: 1In this part of the booklet are some statements that are not
finished We want you to finish each statement by telling us ;

how you feel about the statement. Here -1s an example to show

you what to do.

EXAMPLE: The way 1 feel about doing subtraction problems 1is

Put an X on the face that tells how you feel about the statement.

3

Remember, there are no right or wrong answers. You may not feel the

Bame wgy that other students do, but that is all right. Just mark exactly

how you feel. .

Wwhen you come to the word STOP, wait for directions before going on.

s

YOU MAY TURN THE PAGE AND BEGIN.
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i. The ﬁay 1 feel about math class is

. 000006

2. <The way. I feel about long math problems is

cleyeyele

3. The way I feel about solving puzzles is

90000

4. The wéy 1 feel about doing math-problems is

©OOO06

ERIC - 298




5. If we spent more time in school doing math problems, 1 would be

©00 006 .

6. Finding out how to solve a new kind of math problem makes me feel

P

 @@@@@

N
| VSN
12
7. Thinkihg about math problems'outside of school makes me feel
”<::::> :;‘23 <::::> “!!!'» 1i!!'» 1
" [ Y
8. The way T feel about tricky math problems 1is .

- 1

i@wggg@@
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9. Trying to work a new kind of math problem makes me feel

L 00000

-

o~ .
10. Talking about things we do in math makes me feel

11. The way I feel about hard math problems 1is .

00 OQ

~

12. The way I feel about playing games that really make you think is

©OOOOG

STOP. WAIT FOR DIRECTIONS BEFORE GOING ON.

ERIC 300

t
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PART 11

In this next part are some statements made by boys and\girls like you.
We want you to read the statements and then tell us how you feel about them.

Here is an example to show you what to do.

EXAMPLE: 1 like to work most addition prdﬁlems.
__ REALLY AGREE | |
____AGREE
______CAN'T DECIDE
____ DISAGREE
__ REALLY DISAGREE

. Put(an X in the blank Which tells how you feel about the statement.

If you feel the same way about the statement, put an X by AGREE.

If you really feel the same way; put an X by REALLY AGREE.

If you don'f feel the same way, put an X by DISAGREE.

If you really don't feel the same way, put an X by REALLY DISAGREE.
If you are not sure how you feel, put an X by CAN'T DECIDE.

There are no right or wrong answers in this part either. Just mark

exactly how you feel.

‘When you finish, put your pencil down and wait quietly for the rest
of the class to finish.

<o
=
#c




I don't like to do probfems unless I see how to work them right away.
REALLY AGREE
AGREE
CAN'T DECIDE
DISAGREE
REALLY DISAGREE

After I read a problem, I like to think about what I know and what
T -don’ t- know in- the problem. -

_ REALLY AGREE
___ AGREE

_____ CAN'T DECIDE
___ DISAGREE

_ . REALLY DISAGREE

1 would rather do almost anything else than try to solve a math problem{
___ REALLY AGREE ‘
___AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

when I have a problem that I can't solve right away, I stick with it
until I have it solved. '

___ REALLY AGREE
____ AGREE
_____CAN'T DECIDE
____ DISAGREE
_____REALLY DISAGREE




17.

18.

19.

20.

REALLY AGREE ‘ o TN

I would rather work a ﬁroblem myself than have someone show me how
to work it. :

¢

AGREE
CAN'T DECIDE

' DISAGREE

REALLY DISAGREE

I am afraid of doing math problems.
__ REALLY AGREE
_____ACREE
_____CAN'T DECIDE
_ DISAGREE
REALLY DISAGREE

Before I work a problem it sometimes helps to write down some of the
things I know about the problem.

____ REALLY AGREE
 AGREE
____CAN'T DECIDE
__ DISAGREE

____ REALLY DISAGREE

Trying to solve a new kind of math problem is hard for me.
____ REALLY AGREE
_____AGREE
____CAN'T DECIDE
___ DTISAGREE
___REALLY DISAGREE

i
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21. Math problems are more like games than hard work.
REALLY AGRE
AGREE |
CAN'T DECIDE
DISAGREE
__ REALLY DISAGREE

22. No matter how hard I try, I have trouble understanding math problems.
. REALLY AGREE
__ AGREE 7

CAN'T DECIDE
DISAGREE
____REALLY DISAGREE

v

23. I try to read a problem carefully before I solve it.
__REALLY AGREE
__ AGREE
______CAN'T DECIDE .
__ DISAGREE '
______REALLY DISAGREE

24. Math problems are dumb.
_____REALLY AGREE
__ AGREE
_____CAN'T DECIDE
_____ DISAGREE .
____REALLY DISAGREE

o : | | 304




267

25. Math problems make me feel like I'm lost in a jungle of numbers and
can't find my way out.

_ REALLY AGREE
_____AGREE
_____CAN'T DECIDE _
__ DISAGREE | ' .
____ REALLY DISAGREE

&

26. There are so many rules to learn in math that i just can't solve
problems very well.

_____ REALLY AGREE
___AGREE
____CAN'T DECIDE
___ DISAGREE

_____ REALLY DISAGREE

27. It makes me nervous just to think about haVing to do a math problem.
__ REALLY AGREE
__ AGREE
____CAN'T DECIDE
___ DISAGREE
___REALLY DISAGREE

28. 1 don't mind taking a chance on making a mistake when 1 try to
s0lve a problem.

__REALLY AGREE
_',i‘(‘GREE

_ CAN'T DECIDE
_ DISAGREE

__REALLY DISAGREE




268

29. There are just too many steps needed to get the answers to most

REALLY AGREE
AGREE
CAN'T DECIDE
. DISAGREE
REALLY DISAGREE

!

. \
30. I can't make myself think about a problem long enough to solve it.
REALLY AGREE | '
AGREE
______CAN'T DECIDE b
____ DISAGREE \

REALLY DISAGREE

31. I have a hard time thinking when I try to work a math problem.
_____REALLY AGREE
______AGREE
_____CAN'T DECIDE
_____ DISAGREE
______REALLY DISAGREE

32. After I get an answer to a problem, I think it's silly to go back and
check to see if my answer makes sense.

___ REALLY AGREE
____AGREE

_____CAN'T DECIDE
___DISAGREE

_____ REALLY DISAGREE
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33. I can do math problems about as well as most other students in my class.

___ REALLY AGREE
__AGREE

_____CAN'T DECIDE .
____ DISAGREE

____ REALLY DISAGREE

‘4. Before I work some problems, I like to stop and think about them.
___ REALLY AGREE
__ AGREE | .
_____CAN'T DECIDE
____DILSAGREE
___ REALLY DISAGREE

35. I don't understand why some students think that solving math problems
Ls fun. -

 REALLY AGREE
_ AGREE

__CAN'T DECIDE
___ DISAGREE
__REALLY DISAGREE

36. I don't worry about making a mistake when I work a problem, just as
long as I finish quickly.

_REALLY AGREE
 AGREE

_CAN'T DECIDE

___ DISAGREE

_REALLY DISAGREE
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PART 1

DIRECTIONS: In this part of the booklet are some statements that are not
" finished. We want you to finish each statement by telling ug
how you feel aboyt the statement. Here is an example to show

you what to do.

EXAMPLE: The way I feel about doing subtraction problems is

Put an X on the face that tells how you feel about the statement.

Bl

Remember, there are no right or wrong answers. You way not feel the
same way that other students do, but that is all right. Just mark exactly

how you feel.

When you come to the word STOP, wait for directions before going on.

YOU MAY TURN THE PAGE AND BEGIN.

309




1. If we spent more time in school doing math problems, I-would be

900 OR

2. The way 1 feel about solving puzzles 1is

OO O

3. Finding out how to solve a new kind of math problem makes me feel

P00

¥

4. The way I feel about hard math problems 1is

00O O
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~
4

5. Talking about things we do in math makes me feel

OO OG

6. The way I feel about long math problems is

©O0 00

7. Thinking about math problems outside of school makes me feel
8. The way I feel about playing games that really make you think is

@O0 006

Qo
Jom
-
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9, Trying to work a new kind of math problem makes me feel

10. The way I feel about tricky math problems is

@O

11. The way I feel about doing math problems is
@O0 ®B

12. The way I feel about math classs is

+

STOP. WAIT POR DIRECTIONS BEFORE GOING ON.
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PART 1I

In this next part are some statements made by boys and‘girls like you.
We want you to read the statements and then tell us how you feel about them.
. Here is an example to show you what to do. )
EXAMPLE: I 1ike to work most addition problems.
REALLY AGREE
AGREE
CAN'T DECIDE
DISAGREE
REALLY DISAGREE

Put an X in the blank which tells how you feel about the etatément.

If you feel the same way about the statement, put an X by AGREE.

If you really feel the same way, put an X by REALLY AGREE.

1f you don't feel the same way, put an X by DISAGREE.

If you really don't feel the same way, put an X by REALLY DISAGREE.
If you are not sure how you feel, put an X by CAN'T DECIDE.

There are no right or wrong answers in this part either. Just mark

exactly how you feel.

?

When you finish, put your pencil down and wait quietly for the rest
of the class to finish. '




13. ' I am afraid of doing math problems.
REALLY AGREE
AGREE
" CAN'T DECIDE
DISAGREE
REALLY DISAGREE
14. I don't mind taking a chance on making a mistake when I try to
solve a problem. ' ,
—____REALLY AGREE
AGREE
CAN'T DECIDE
DISAGREE
REALLY DISAGREE

15. I would rather work a proBlem myself than have someone show me
how to work it. .

___, REALLY AGREE

__ AGREE

_____CAN'T DECIDE
DISAGREE
REALLY DISAGREE

After I read a problem, I like to think about what I know and
what I don't know in the problem.

REALLY AGREE
AGREE

CAN'T DECIDE
DISAGREE

REALLY DISAGREE

°
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17.- -1 have a hardmtime,chinkingnwhen_litrypcbxuork”a.mach}problem,ﬂ
- REALLY AGREE |
 AGREE
_____ CAN'T DECIDE
_;___pISAGREE¢
_____ REALLY 'DISAGREE

~ar

18. It makes me nervous just to g%inﬁ;abouc having to do a math problem.
REALLY AGREE
AGREE |
CAN'T DECIDE
DISAGREE

REALLY DISAGREE

19, 1 can't make myself think about a-problem long enough to solve it.

- REALLY AGREE
____ AGREE

__ CAN'T DECIDE
___ DISAGREE

___ _REALLY DISAGREE

20. I don't like to do problems unless I see how to work them right
away. . : e
REALLY AGREE -
AGREE
CAN'T DECIDE
' DISAGREE
___ REALLY DISAGREE

i

)
 nd
{
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21. When I have 1 problem. that I can't solve right away, I stick with it

“until T have 1t solved:~ - = e e — e ®
___REALLY AGREE ' o
_ AGREE'
- CAN'T DECIDE
DISAGREE
REALLY DISAGREE

*

22.  Before I work a problem it sometimes helps to write down some of
the things I know about the problem.
___ REALLY AGREE '
_____AGREE
_____CAN'T DECIDE
____ DISAGREE
__ REALLY DISAGREE -

T

23. There are so many rules to learn in math that I just can't solve
problems very well. ’ >

REALLY AGREE -
AGREE
" CAN'T ‘DECIDE
____ DISAGREE
_____ REALLY DISAGREE

-t

24, Math problems are more like games than ﬁqrd work.
REALLY AGREE ’

* . AGREE

CAN'T DECIDE ‘ o

DISAGREE

REALLY DISAGREE




Math problems make me feel like I'm lost in a jungle of numbers

26.

27.

28.

and can't find my way out.

REALLY AGREE
AGREE
CAN'T DECIDE
DISAGREE
__ REALLY DISAGREE -

Before 1 work soﬁe problems, I like to stop and think about them.
REALLY AGREE ’
AGREE
CAN'T DECIDE
DISAGREE } |
- REALLY DISAGREE J

I don t worry about making a mistake when I work a problem, just

" as long as I finish quickly.

REALLY AGREE
AGREE

CAN'T DECIDE

- DISAGREE

REALLY DISAGREE

”~

Trying to solve a new kind of math problem is hard for méu
___ REALLY AGREE |

____ AGREE

.. CAN'T DECIDE

____ DISAGREE

_____REALLY DISAGREE

o
) TN
\.I,
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30.

31.

32.
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Math problems are dumb.

REALLY AGREE .
AGREE (

CAN'T DECIDE

DISAGREE

__ REALLY DISAGREE

I can do math problems about as well as most other students in
my class. : .

_____ REALLY AGREE
- AGREE
CAN'T DECIDE
DISAGREE
___REALLY DISAGREE

t/

I try to read a problem carefully before I solve it. ‘

R%ALLY AGREE

'T DECIDE
SAGREE
LY DISAGREE

After I get an answer to a problem, I think it's silly to go back
and check to see if my answer makes sense.




33.

34.

35.

36.
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I don't undeist@nd why some students think that solving math

‘problems is fuq.

REALLY AGREE

}

AGREE “‘\

A .
CAN'T DECIDE \\_\/,.\3
DISAGREE S

REALLY DISAGREé o

S

I would rather do #lmOSt anything else than try to solve a math
problem. - :

/

‘REALLY AGREE

__ AGREE -

_____ CAN'T DECIDE
DISAGREE

[}

REALLY DISAGREE

| |

No matter how hard I try, I have trouble understanding math problems.
__ REALLY AGREE |

_____AGREE ]

_____CAN'T DECIDE

___ DISAGREE

_____ REALLY DISAGREE °

There are just too many steps needed to get the answers to most
math problems.

__ REALLY AGREE
____AGREE

_____CAN'T DECIDE
____ DISAGREE |
___ REALLY DISAGREE .
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SCHOOL

1. Have you taught DMP before this
school year? '

2. Have most of‘your students been
in DMP before? .

3. What DMP topics have you covered
thus far this year?

~
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on this and the following pages are some statements related to mathematical
problem solving. Read each statement, think about it, and mark the response
which best represents your feelings with regard to the. statement. Five
possible responses are listed for each item.

-~

1. I enjoy playing games that involve some intellectual challenge. ' . "

always » ' -
usually : N
sometimes '

“seldom

never

2. A person should not mind taking a chance on making a mistake when
solving a mathematics problem. '

_____really agree

_____disagree
____really disagree

3. 1 encourage my students to check their answers to problems to see 1if
the answers actually make sense.

always
usually
sometimes
seldom

- never

|

4. I tend to think of mathematics problems as being more like games than
hard work. ' - .

____always '

. ___usually »

__sometimes R

~__seldom A

____never . . . :

5. Mathematics problems are something that I enjoy a great deal.
____really agree
agree
can't decide
disagree

;:;:really‘disagree u )
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1 do‘not particularly enjoy thinking about mathematics problems
outside of school.

really agree
agree -

can't decide
disagree
really disagree

. Mathemética problems, generally, are very interesting.

really agree
agree
can't decide
~ .disagree
really disagree

I like to stress with my students that there are often many differént
ways to solve the same problem. . , ,

really agree

agree

can't decide

disagree s
really disagree

With sufficient time I believe I could be,auccesaful at solving most
mathema*ics problems.

really agree
agree

can't decide
disagree

really disagree

1 find solving mathematics.problems to be dull and boring.
always

ugually

sometimes

seldom

never




11.

12.

13.

14.

15,

I do not part}Eularly like doing difficult mathematics problems.

really agree
agree
can't decide
¢ disagree
really disagree

Trying to discover the solution to a new type of mathematics problem
is an exciting experience.

always
usually
sometimes
seldom
____never

c

I find it difficult to concentrate on mathematics problems for a very
long period of time.

really agree
agree

can't decide
disagree

really disagree

I often find m&self unable to think clearly when trying to solve
mathematics problems.

_____really agree
____agree
_ -~ can't decide

_ disagree
really disagree

Most hathematics pfoblems, other than the simplest types, take too
long to solve. : - . -

really agree
agree

can't decide
disagree

really disagree

285 .
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16.

17.

18.

19.

20.
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1 enjoy solving puzzles.

always
ugually’
gometimes
seldom
never

1 have trouble understanding why some students think mathematics
problems are fun. '

really agree
agree

can't decide
_ disagree

really disagree

I.enjoy working on a tricky mathematics problem.

always
usually
sometimes
seldom
never

I believe I am as successful at solving mathematics problems as most
other teachers I know. \\\

always
usually
sometimes \ ) t
seldom '

never

"1 would rather have someone tell me how to solve a difficult problem

always
_usually -
sometimes
seldom
never




26.

25.

22.

23.

_ _always : _ N
. usually . o .o ' '

287

One might say that I have a fear of solving mathematics problems.

really agree
agree .
___can't decide ¢
disagree
really disagree

~ 1 consider mathematics problems to be a form of drudgery. ) .

always

" usually
gometimes
seldom
never

I am challenged by mathematics problems that I cannot immediately
solve.

really agree

agree

can't decide
_____disagree

really disagree

I think students should be encouraged to use the method that suits
them best when solving a problem.

_____really agree

___agree

__can't decide

. _ _disagree -
_.__really disagree

Mathematics problems make me feel as though I am lost in a jungle
of numbers and cannot find my way out.

A

seldom

|

, , ~ -

sometimes . ) : o S . o
|

|

never
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26. Regardless of how much effort I put forth, I experience a feeling of
confusion when solving mathematics problems.

always

usually

sometimes
y " seldom
never

27. 1 like to encourage my students to adopt a stop-and-think attitude
when solving problems.
alwvays
usually ’ .
sometimes
seldom
never

28. The number of rules one must learn in mathematics makes solving
problems difficult.

redlly agree

agree

can't decide ‘

disagree ' ' ?
__really disagree

29. 1 encourage my students to use trial—and-error procedures when
solving many mathematics problems.

really agree
agree

___can't decide
disagree
really disagree

30. I have difficulty making myself think about a problem long enough
to solve it. :

always,
_usually
sometimes
seldom
never

| ERIC | 326
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33.

33».

34.

"35.

289

I like to emphasize with my students that, in mathematics, some

" problems have many answers, and some problems have no answer.

always

‘ _usually , .

P

sometimes I .
seldom : -
never : . . )

It is a waste of time to draw a figure to help solve a mathematics
problem. :

really agree
agree

can't decide
disagree

really disagree

Most mathematics problems are frustrating.

really agree
' agree

can't decide
disagree

really disagree
. \

Knowing how to compute is about all that is necessary for students
to be able to solve most mathematics problems in elementary school.

_____really agree

_____agree

—__can't decide B .
disagree ' .

_____really disagree ! ot ‘ Y

If I cannot solve a problem right away, I like to stick with it
until I have it solved. : ‘ : g
always I : . ‘ s
. usuglly. ' - '
. ____sometimes : ' ‘ .
seldom '
____ mever
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36.

37.

38.

39.

4.

290

The development of computational skills should take precedence over
the development of problem solving gkills in the teaching of elementary
school mathematics.

really agree
agree ,
can't decide
disagree
really disagree

 The feeling that I have toward mathematics problems is a pleasant

feeling. \

really agree
agree
can't decide
disagree
really disagree

|

1f I cannot solve a problem right away, I tend to give up.

always

usually
sometimes
seldom .
never

1 makes me nervous to think about having to solve difficult
mathematics problems.

always

usually

_sometimes
seldom
ever

5

)

Students who do not see how to ‘solve a problem right away should
be. encouraged to try and think of another problem like that one.

_____really agree
agree
__can't decide
disagree
really disagree

328
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on this and the following pages are some statements related to mathematical
problem solving. Read each statement, think about it, and mark the response
which best represents your feelings with regard to the statement. Five
possible responses are listed for each item. s

1. It is a waste of time to draw a figure to help solve a mathematics

' really agree
agree

_____can't decide
disagree
really disagree

2. I find solving mathematics problemg‘to'be dull ‘and boring.

always
usually
sometimes
seldom
never

- h

3. I enjoy solving puzzles.

always

usually
sometimes
seldom

.never

4. I consider mathematics problems to be a form of drudgery.

always
usually
sometimes
seldom
never

5. I am challenged by mathematics problems that I cannot immediately solve.

really agree

agree - '
" can't decide

Jdisagree

really disagree

330
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6. A person should not mind taking a chance on making & mistake whem = = =TT
solving a mathematics problem. A

— : » . really agree

agree ‘

can't decide

disagree ' R
really disagree

7. 1 encourage my students to use trial-and-error proceédures when solving °
many mathematics problems. ‘

really agree
agree o
can't decide
disagree
really disagree:

- 8. Mathematics problems are something that I enjoy a great .deal.

- really agree . ,
agree v N i - o
can't decide '

disagree

really disagree

9. Most mathematics problems, other than the simplest types, take too \
long to solve. \\\T

really agree

agree.

can't decide

disagree ,

really disagree : N

<

10. 1 enjoy playing games that involve some intellectual challenge. :
. . . [

always

usually

sometimes

seldom

never ’ ‘




11.

12.

13.

14.

15.

really agree '

really disagree

‘.
R /
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"

believe I am as successful at solving mathematics problems as most
ofher teachers I kmow, — —— e .

always
usually
sometimes
seldom
never

I think students should be encouraged to use the method that suits them
best when aolving a problem.

really agree

agree o
can't decide

disagree

really disagree

I encqurage my studehts to check their answers to problems to see if
the answers actually make sense. '

always
usually
sometimes
seldom
never

I tend to think of mathematics problems as being more like games than
hard work.

always

usually

sometimes

seldom

never . -

I often find myself unable to think clearly when trying to solve K :
mathematics problems. :

agree
can't decide
disagree

ly
i




16.

17.

18.

19.

20.

than to have to work it out for myself.

295

I would rather have someone tell me how to solve a difficult problem

always
usually
sometimes
seldom
never

always
usually
sometimes
seldom

" never

I like to stress with my students that there are often many different
ways to solve the same problem.

nféally agree
agree

can't decide
disagree

really disagree

Mathematics problems make me feel as though I am lost in a jungle of
numbers and cannot find my way out.

always
usually
sometimes
. seldom
_____never

Students who do not see how to solve a problem right away should be
encouraged to try and think of another problem like that one.

really agree
agree
. can't decide
disagree
really disagree
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o

? ~

21, I have difficulty making myself think about a problem long enough .
-—— e .to solve it. S

always
usually
sometimes
seldom

- never

22. 1 have trouble understanding why some students think mathematics
s _~ problems are fun. i

really agree
agree
can't decide
disagree

really disagree

|

23. One might say that I have a fear of solving mathematics problems.

really agree
agree .
can't decide
disagree

really disagree

24, 1 }1ke to emphasize‘with my students that, in mathematics, some
problems have many answers, and some problems have no answer.

always :

usually ' ) -
sometimes

gseldom

never

25. I find it difficult to concentrate on mathematics problems for a-
very long period of time.

really agree
agree
can't decide
disagree
really disagree

334
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26. If I cannot solve a problem right away, I like to stick with it untilk
- _— T-ﬁ-—avé ._ft.... B-o_he ;. e e e e e e e+ e e o = e i e o o ¢t e ot i o = A e et cm i ek e Sm ¢ e i o e e

always
usually
sometimes
seldom
never ‘ .

27. I do not particularly like doing difficult mathematicg problems.

really agree
agree

can't decide
disagree .
really disagree

28. Most mathematics problems are frustrating.

really agree
agree

can't decide
disagree
really disagree

29. 1 enjoy working on a tricky mathematics problem.

N ' always
usually
gometimes
seldom

L never

n

. 30. Mathematics problems, generally, are very interesting.

really agree

agree

can't decide : ®
disagree '

really disagree
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31. The feeling that I have toward mathematics problems is a pleasant
e B = e e e s e e

really agree
agree

can't decide
disagree

. really disagree

32. I like to encourage my students to adopt a stop-and-think attitude
when solving problems. o

always

usually

sometimes ,

seldom

never

33. I do not particularly enjoy thinking about mathematics problems
outside qf school. ‘ :

really agree
agree
can't decide
disagree
really disagree

34, Regardless of how much effort I put forth, I experience a feeling of
confusion when solving mathematics problems.

always

usually
sometimes
seldom

. . never

35. If I cannot solve a problem right away, I tend to give up.

always
usually
gometimes
seldom
never
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The number of rules one must learn in mathematics makes solving

really agree
agree '
can't decide
disagree ’
really disagree

37. It makes me nervous to think about having to solve difficult

always
usually
sometimes
seldom
never

38. The development of computational skills should take precedence
over the development of problem solving skills in the teaching
of elementary school mathematics.

really agree
agree

can't decide
disagree ’
really disagree

39. with sufficient time I believe I could be successful at solving
most mathematics problems.

really agree

_agree

can't decide

disagree
______really disagree

40. Knowing how to compute is about all that is necessary for students
to be able to solve most mathematics problems in elementary school.

really agree
agree

can't decide
disagree

really disagree
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